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The Kariba Project 
by 

G A PFTERSON. B A. M.LE.E. 
MI Mech E. M Rhod,I.E, 

A TIN POWJR KI IPPI Y 9171'AT]ON vcry large gener.liing unil•, with high 
IN THI RITOI)1 tlAS RFFORT; THE vt,11,106 and Nith /her advanced design 

feature, wl,i,·11 could not he [lillised 
KARIBA PROJECr WAS lrN[>FR· economically by relauvely .mall isolated 
TAKEN. underuikings and with 111¢ ad···antage, of the 

now familiar concept of iI'terennection The power ..ly iniuatii. in * 
belween 11,11.idll,al power „ations Rhode,ias in the mid- 1950%. w.1, c,imparable 

in man> ways wi,h Ihai exi.tiny in rurope The principal advar,lageK of interconnee- 
at ahout the time ef the #IN World War tien are of course·- 

Power produclion wa' ,[il[ con:entrated fi) Local power repuirement4 no longer 
nminly in cimparati•ely M 11 ihernial power need to be nie[ frcin, Lhe local power 
staionx supplying individual communilie• stations. If a cheu per „„Ir.r of 
alihough some degree of inlerconneition power „ available elsewhere on Ihe 
between power Ntation. had alread, evolved interc'/'ifieeted /"em tlien power 
and xeveral areaw were .erved hy 1.·91 tran» 1 he generate€1 there and traf,•· 
'15'sion ':tem, i ir"grid#'· The large't of niitted over the grid to the pint 
thexe wax thal of ihe Southern Rhodesia where it I re/ired. Thuis, at all 
Flectricity Suppl> Com'*i'. which Ey de times, power can he produced in [he 
1990·, had e.tabliKIxed an exten,he 88kV phant, with the lowes! produclion 
and lower v/,age tranemi xyum xen•. cost' 

ing a limited degree of in[erconnection with lii} The /(htly provE/n of spare /nerat. 
the maior citie, of Sali•hurv and Bu[:wavo ing plant i nd reduced When 

A .nialler hui marc heavily loaded grid had power station* are :colated each must 
also heen provided in Ihe NI•irthern Rho- have at ./t one ,,Fire gui•crator as 
/Ja Copperbelt by rhe Rhodesia Congo an insurance agnins[ pl[Int break· 
*der Power Cc.rix.raii,in wh// 66kV /N,11. Wlien power statims are 
s>,ten, linked the prin.ipal mine generaling linked by a grid Ilie total pro#ion 
plan,5. The,e grid, were },i.„„„. local in or 'pare plant can safely be reduced 
character and w generl inierconneclion . it M reson:,ble to a·.u,me that 
between 1he power va/ma and conolming breakdown will nol occur in all 
cenlre> of ihe Rhodeda. exisied stalions simull•neousiv. 

Thi, stage in develornient was :1 natural Against (his buckground, The demand for 
m :/ the lime and had been dicialed electricity in the Rhodesias at the time wi 
minly hy ihe great distances between load growing rapidly. This will & clear from 
ce„tres (hee Figuret) and the comparatively rieure 2. which Jews the growlh of 
linmed den ind /[ each ceritre Tn thi. wle eleecricit, deriand in die Rha,le:ia. over 
of development. however, it was no[ p»ihle the 13/ twenty Years The raie of grow•h 
for [he elelricity Ilppl) in.lustry of the of load hal·. averaged come 11% per annum. 
Rhodesins to take full adiantage of the corresponding to a doubling of demand 
greal jechnalogical devekipmellis in ete'[ri· ever> a and 8/ Veam A furlher facIor 
cily /neration and tran·;mi..m Ihich had which had le he liken into conxideration 
laken place mainly from 1010 onward, and m the periodic inadequacy of coal sup/lies 
wh„·11 had resulted in higher eme,en„. from Ihe Federationk only malor colliery 
glcater relinhilily and lower costs The,e ut Bankie ana the difficultv which W,4 
adv,[1,16 wer/,IN«Mited with the ihe of experienced .it tinier hy 110 Rh<*le,la Rail- 
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way' in =,rting ..•I from Wankie in These included:- 

therm•I /•wer •1:ili•i•in ollier pirt• of 1!ie 1. Continiled develornien[ of iwhe 
Fed¢ratini The locili in nf Lunki/Collier, coal·fired •wer suitions wrving Id 
Mnd main railway linc, k Nhe„1, An load centres. 
Figure I and it will he xern :hal W.lakie a 
m the North We,lern 2. The cirner of Southern devclopment of a large pit head 

Rhodesin. remole from (110 main :eutre, 01 power stalion 1 Wankie wllier, 
pap[J[,/1 11 9,1|i,h,iry, miciated with Bul:twa>8 11,id In high vollage iran•mii- 

the Nonhern Rhode·:i: Cappelliell sion line, 10 Iran>mi[ The the /,wer to the 
rai}wa, haul from Wankie load centre•. [o the Copper- 
bell. for example. is 11: 550 mile. -1 10 3 lt: development or a large water 
Sa li •hury •a me 470 ni ile, p„wer 11/]on (in The 7/mhbi or 

Kalue river, will dmilar 
li thi, .itualian the high voltage 

advantage. to Ihe •rnn•mission. 
Rhode,ins whleh would follow from inter- 
counce[ion of [he 'neratlon Emli'11. 4. Nuclear and energy. 
ah: deve].Iment of h,dro ele,*r, I.,LI,er T|ie 6/ / [hexe :iltenialives - the 
than exal·fired Iener,iting i.[ation. i„ the possibilily of impliying n„elear power - 

:ans of nleeting incre.,Ned power require. m ixon concluiled lo be both in,practical 
en' were obviou<. Befare any decition and Imeconomi Al 111,1 date the bit 

c.limate [hat coul,1 he made & the cost of 2 reached. however, a Kareful >tudy wa. 
power fran) nu']ear 

·.11'lon: 

wa' thal it 

52E 

mde of the allernalive method§ of develop wauld he Nomeilline like twice the d of 
nien, of the power *upply .„le,11 whtch Power frnni conventiona I coal-hurilnE 
were #'ihle Ma+. A flirther diffi€11]ly aNKialed with 



OWLLD 

@ 401 
1 

u - 

KN N 11 • I A 
I *1 9 -iNf 

i i ¥9 0 F 22 
. I 
I Z 

d #lili i . 

2 %1111 F. \ 

83 ¥ 

53 

2-Il-Ji 



nueleiti· po•er •Liti•111% wa• 111¢ highly am Iier .innulti. 1 hus, tlie </nwic Lise 

..pecial// ... requr• . operale mid f „ the lari i Pri}ject g.,w firmly e.tab 
ma,nbin them whalf k w milable In lihell 
the 1//ration ind OWLng 10 #he large.xcal¢ To iinrlenk,I the de,/O,1 14) Paced 
ile/clopmen[ of luciear power /1/.in' in d lh¢ Karih., Pr•jec, the Feder,•1 €,i,v•rn 
the Un,led Kingdom .ind ekewher:. would Inent xe[ up le reuer.il Power Board under 
h,ive been very diffic•ilt t(. obtain. Fur[her- the I le.tri•,i, Ae, el 1956 Th: Ur,[ duly 
more. de /,1/ „in of the reiteration fron• 01 the Board was 10 on.,ruct [he ilam and 
the worb of nian/fuauren zinderuking me· 5,„di Himk po•er wi,Ii £ K:iriba /rid 
hight, <pecialised wark of producing ih: 130kV ··grid·· ot iranin.v.i:m line, link. 
1111, lear power Mt,ilion equlprnmi w.„,11,0 ing thi, power Mt/ilin with the prin,-,pal 
. serious ilisadvantage anit hmally. the ex,„Ing r"wer 1.laium„ In Northern and 
·.upply. tre.,tment and replacement of fuel Soutliern R hoil w" k P]gure 1 1 As Noon 
elemen,N would have //herned very inous 4, thi, sy,Le,1,7 knuwn a, SLage I of the 

problem, pn,i¢c[. hail been brought in[0 opralion. 
Th¢ %econd of Lhe allernative,· IMed Ihe Board lhen had ihe dilt> t„ LOn/,01 Ihe 

above [he coneuclion of a 1L/,: pii-head output from Kariba and from 111¢ i//con· 

coal burning power olion ne.ir Wankie Mied therma] sultions xo a. al all time. 

01/wry - m 42.0 judged B/·ible It 1/ meel dic Imal ele.Iricily demand .in [he 
would have impo,ed a large addition 11 +lem al nunimum cost con.i€[en, wil 

/ruil on ihe alr¢.16 overloaded coal Inining rell.ihilily (,f ;Trly For Ihi, purpo,e, the 
ind,„My whiih would h:M reguired he•vy Kariha Prolect includes [he consirucTion of 
capilal expendilw for developn•ent, a larle Contral Ce're at Sherwriod. near 

Funhermore the localion of Wankle was Oue Que. from which ihe whole intereon. 
no[ ver> sullable 1, the lu'lin centre of accted »[em of' power stalicm: and wanv 

power pro/Wini• fi•r the Feder/hn 'e¢ I.twon. line. I ...tralled :in d n.'.1.... 

Figure 11 mini// hask and fri,/1 which hold I 

The :,Tective chm„ IhtlE re,it,/ between allocated 11 the varin,1, power gion·. The 
(he conti,iued de" 1, pimil of· Mola "! co:!. Board ret'unil to the owners of [h: imer- 

fired pu•er stuliolu, or the development •I conneezed thermal •lations Ilie actual cost 

a large h/lro.el•ric project coupled with Of pr(idlitit/at [he,e It.,u,inx und eli back 

a 1, them in bulk a mixlur: of Kariba and high voltage [r:in.uni,xi,in sy·.l¢n, lo pr„ 
vide a fully •nlerioniteile,1 i.yqem •vith all thermal p.iwer uikter a N[and,rd illritr. 
4 adv:,litage, for the Fedenttion. Te.haical Th= Prnject „ax tinarc•1 by IDng-tcrni 

for thew two allern.,tive, were pre· 1.1.111. The Int:rn:kion.d Rank for Reeon· 

•red and . :a reful economic con,parim .irifion 2/ 1)evehipnicm T. lendrng the 
.511 

18 made. the rei·ul[. of ihi. comparim 11'ird an am"unt in varioli' currencie' 

=31. Cre g iven b> th,; Mili,·der of Power to th: equivalern ti, 80 million dollari. in he MI 

deral As,embly en February. 3 956. for giwxis and €rviee, pu,chaid oul•i.le 
riefly. die uplial unt of the addi [lonal Ihe Fed ralion. The Colonial Developmen[ 

coal·burning pian: whah would have been Corpwation k lending £15 millinn ding 
required over 'be perio:1 196,0- 1971 01]011 and the ('ommonwe:dill /eveltipmen 
have been £10, millhon. The comparahle FInance Company / million derling The 
0 / 6 #lecle,i ]»dro.ele// al[ern,11[ve ledera[ Governmen, han iin•lert:,Aeli I., 
- the Kar,ba Project w/1111 he fin make !01„ to the Ro Ird lotall,lig £Rh2x 
•18*, or unc £12 million mi nut ihe nullion from mome' 11 81111.mi,w fi)r ,}): 

Naving iii c.al co.1. an.1 the kinger economie purpose. und a funher .um of £Rh 6 .L]|LOn 

life ,/ the hydri ele,·trie plant 44 :hal 8/ i[ he required. Of thi·. F Rh28 million 

over the pe,ind revieweit (1960 1971) 112 the Rlk.de./cop/r mining •omp. nie• have 

accull•'ll illfferene' in annual p./1// ioinily /greed m le/1 CRI,20 million to the 
tion *, in f vour of the Kirih.• Project Governmen[: the Briah South Afrie.1 

woilil he £44 million and Ihal at ihe end Con,0.iny 10 [end £Rh4 n,illiall and the 
or ihai peri./ di¢ ditfercnee it, f ivour of Starid.·int Ibnk of Simih Arch·, 1 imile l an,1 

Kariba would be :unning / nearly [ID Bar:lays Bank D.C.O, £Rl,2 million cach 
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8 expecid that the uveruge rate 1/ The first Mage 'iwer 'tation was to he m 
5· ter* 

un ilie jwii, .]rawn h, 111¢ B<,ird the So/han [lank, to acconimodate 5 
I i][ be about 519; per a[,[ium :m the 100 MW Ii,rh,) gen•r,tor ,/[1. of which 1 

7= eriod ot ./1/on of [I,K I.:in. •arie. woul, 1 lie in,4 Iled ii, 112 fir•t insi.•rce k. 
c(we-1 19 and 33 ye-in. a„ ww j & works for [he linl 4 

al Kariha r. shewn in Flgur. 3. 

B THE DISIGN OF THI KARIBA 
Individual pern:Lit¢nt intakes were to be 

PROJECT. pro•kled imniedial: ly upslr:am of the d.u,i 
to le:,1 w. ier 1,1 each qet gith iemporary 1. Gl N... 
imake, for the 11,/ and •:cond El, at a low 

The de„gi, <ir the Projec[ wa• entruxted ke,el In allow gener:,lion in commence 

b, the Bourd to Coi,sulling 1 neliteers who befom ihe 1.ike filled 
worked out delailed propou], fur lh¢ 

Roaril·, upprovial and •uh·.equently ,uper· Afier pa,·.in'! ihrough iho lurbine,. lh¢ 
vised tor lh. Bourd ilie cor,#truelick] and water m io he led back 10 1he river 

te.,Ing of p]/11[ in ihe manul:'clur:,4 chalmel downdr• ung or ihe dam rhrough 
factories and the c„,i,truction of work..ind three my: .hambers and [hrce laitraee 
Ih¢ Mfallation and te,Ling of plan, on hile tunne|,. ie, one for each pair of machine., 
A|I muJur c: ,itract. were F[aced by corn· ACCO]n,i•odaiin •in•lergri,und wa• •Iso to 
p.·Inve int:r......1 ./dering aill in 

b¢ prinrided for the *ter·up I 8,330}k V trail• 
:elend Included .:Ir,pilt und .re.[ion. 

//ri,m in .1 Nepar.ile .It.bmher adjaan[ to 

2. TH, D- AN[} 01111·it Civi the machine halt. 

EN«,111'ING W€.... Tile unilerground work,; I¢re to be con· 

neiled (o the #:i ce by :in a,CCER 1[in/el 
The ProJect involved the de,©lopme,]l 

lu, V.h,Lle„ 11. a lift /:,11. and by a .able for hydrin:le:ine purroNes. ol o Gte on the 
,hall The cable .halt wax to dion,moddle 

7.11]Ibesi River at the K"ha Gorge. 
the. 3.tok' L Lbla airrying Ihe ejecirical 

approxin•alel> 240 mile. ,|invere:* d ch¢ 
oulpul of the <lition to a swi[chy:ird (m 

Vietor,/ Falk Thi vefy hirge civile,Win 
cering works in thi. Pri,ject juve been fully high ground above Ihe gors¢. 

deM:ribcd in a number o• other papen anit Rher /rn ineti[ 4,)rk, al KI,riha 8¢re 

only a brief milme will he given here, i , in,lude / comrol an,1 onki buildine. 

By di,imning ilie river al the K.irihi %Wi[•11>ard, w,irklip• and Noir• fautium. 

Gorge. an //Ove n// aer head 01' aboul an,| houwrig and .irn,nitles for the per- 

310 & inilld h¢ abl,uned und a Lrge I.ike nurnel,1 3lat[. 1•igothur with wiwry 

could he formed to provide 11/ 4/1-nal and Nervia. Iii ·,illition. %Mee the /[c w 

inter sens,inal *lotiye of eter required / remole. Jce¢» r-1%, hr:•Ign, an aerodronle, 
oinipenhate for drought• and Ilood'. C .Au a hi),piial. and ¢.in,Erue hin canipx wer: 1,> 

Ialium ind; e.iled th:11 IIi¢ 1,4.11 quantity of be built A gmer:,1 pkin <if The tan. hip 

ener© available :11 1111, I [e would be 8 000 and work·, area i, In in rleure 4 

million kWh per annun, for the propohed The cost of the dvil works .Ii Kariha. as 

h:ight al dam d:,cribed ahove. wa. atingled .,1 £39.2 
The propoxed dam w,„ m he a di)111'de 1111]lion. and it w:p. coll·,idered /:,1 the firht 

mhre conirete ard, daill /0 1,1,•e the n achinc could be comm i,sioned al the 
dry weallier river level by dbout 320 ket. beginning of 19611 11 wax ihi,ughl th.i [I,c 

h woutd have U he,/lit / Ihoul -1(* fuet it:ini winild he comple,ed by Inid-t960 but 

Ave (!le foundationi :ind a era tenith ihat a •tart mi].1 be maile on impounding 
or 1,800 feet 1·h: normal lop wilter level water m ihe lake al the end or 1958. 
prt,poal was to he I.570 fee[ atxive k :1 oth:r /irl, of [he Fed:ralion. a 4 4:11 
level c„ri:ri,] building was to be conslru/led .11 

power wa, to he gcnerated in [wn under- 411, Iw//, and five .Lihi.itions wizli [heir 

grou,/ power .tation, exciated in the rtick .„«i,ued builli,igN, :11 Kilwe. Ni,ruin, 
£ the N orm 41:1 S nih Hank, 01 the d.[,11. Sherwood. Salkh „r 'ind Bulaw.,yo. 



t'9196= 

..... 

4.. 



As the wark prt>y,Med, wi mi*lific:i vult Dr ina•hire. 141 [he gener,itilr 41,fl 
t••)n• were Iim•le Ii' the oriyinal pli•Mr.imine. and witrolled 1,1 :! •ambindtion of siatic 
the princip.,1 0,16 heing 11,1 the he]* 81 :mt nit:i,ing maglieiic £,mplifier+, en.ling 
1},e J,in] Wi,4 w lie i,14 re.ixed by 1/em> le,1. -ih .i fl>wheel lk»,ler Thi. ha. 2 high 
th 11 Hie .irah gcneralmg .et wii> 1.3 be pro r.ile: 01 re,pole 1 i :im,l•,1 in maimaining <IN 
vid:,1 in ilie firn :lage [ind 1112< a further .t:,bilit> of Ihe »rem. The machines are 

„11,4 ilit,n wa# 1 , he con.lrucied al 1.-ka. de„21=1 for o norn,·il 1/ed nse of 21% 
wher ful[ laad i. 4„1/il> thruwn ./ . but 

1 he incre.ise in the heirh[ of lh, dani 

made it 3/1,120 1// 4/above the [min· they 're (/ted / full 'un //y •peed. 

d:,lim, witt' a ele, I:ng'll of 2.(25 te[ ul Able le miral:,1 .reed, in :he 

The lake theo became 175 inite· king. with WA workz. A perin:/ rii,ig[,01 
U I,/1 4./:ige r li..ily of 1 3/ million a:re /:er,itor,% coupled to ihe main shaft above 

111, m# for m wilh the turhinc 
fue[ In ilddl[101], lile :ti.•«menl M the total 

:[ier. ..hible was iner¢;ibed . 8,910 g.vernor. 
million k*h per umuriL. Au•]111") equipn•enl includes buili-in 

earbi,Ii/oxide file fighling equipment initi. 
3 1'14 }·1•,·1121(·,u AN!) MEI'liANic" ated h> (hern*/al, in the & 9 circuit. 

PIAfl. higli pres,ure /·oper:ile,I rolor intks and 
a Lon,preud air hreakilig system The 

{i) 1 „,hm,-Ge,terun)/Sen ge•ier,:bir' re prolected by overall dilferen· 
The j00 MW [(irbine• are ot the Fmmis ti:,1 pr..ie·clia, 111/ke,1 up by denle minimum 

type M Pigure .5) which glf lhelr rated inverse time retai and iwer villtage rlays. 
oul pu 1 01 140.000 B ] 1 P. at a miell he,ill 01 

W Guic·i,inj, 1841/ .i„„rhen·. 18/330AF 
21,2 feel. The mean nett head will be 310 

Iii when [110· 1 ike reache, 8 normal /•mi,fiu,Jiri• Nud 110kF ('uh&)'. 

operating level The nmix,nium groic 11/ail The 18k V genernitor •wii,hgoar has the 
I 352 fect, 1 he generators are 4 'he Nalicni hieh current raling & 4.000 lk,npx ' Il a 

pole umbrell.t type, 11,al is. with ilic tru41 short circuit capility .4 1.500 MVA. It E 

and guide bmiring belle:/h the rotor- 11/ „f ile air h],sl type and 11„ M toilil break 
m:„},ine. run / a ,peed of !66.7 r.p m. Ind Iime 01 0.05 seconds. All Uie conneelions 

h.ive :i zii,ixitnum con(imia raling at 09 between the g¢neralm. ye'erator lit,% 

power fuctor. of LOD MW, [he Mener,iled ./.Irs. n.,1 'w vollage .wile·hgear :!re 'f 
4:," 1,ei•ig ]Sk' TI•e clian•eler 01 the 11//W ..:trl .clion copper, 
.lator i. 42 feet and nfihe rolor 25 ke, 6 Single ph R 18030k:V In. or trail 
milies, The kitu] biad on the thruit hearing formen are arranged in three hank, of three 
i,kfuling hydraulic Ihrum: i. 660 10"n •ith w .tan,]h> uni, Mr rhe staunn F.ch 
Becal,Ne or It: gre.ll weight :i/ large 'limen· ,/ (be three link• h isa elpach> of 240 
bion' 121: generillor:. after as'en'hly :Ild MVA . n,I serves lio generalor, whkh are 
wig in the niker.' w„rk, in End.•™1 ourcled li, cepar.le IRkV win,!ing·, The 
h id lo be hniken dow,1 for .lip/1 ki d. ttainfinma :tre Yll connected :ind have 
th: suilor m. quarte . and the rotor m. nt i tappings Voll:ige c""] is Nfecied In 

Mn) p:Irl•, Llie ,/:ift, the hub, 111: •pider the geejeral/8,/ hy ilie,ilis (T on·[Dail 
ar,11.. lamil•died ection, f i ihe nuter ring tip chinge tran.former, at [he receiving 
And the 36 pub Wch do•/tail im 41„A ./1./. 11,1/0 low /0]lage generator 
m the perirhery of th,% ring The eon,plete linding, o. eleh .ingle phall trl/%0rni.r 
rolor wil; 1 1, *huft :essenibled foi 11,#talla- unt ve place(I on Mepar„¢ linh. thus 
M we,gli "ear|y 400 "4 and require' 11'ing a high re:ictance (25% on 120 MVA 
the tw' 1011 Dilwer gallon tranes . be bae) herwee: then, to limit ihe .hor, coircul[ 
4,"Lipled 10/elher 10 I,•wer il int'jio•ilian duly ali 6 gener,/w„ 94[lch/1. The 

The milehine l• u,(]led by water *M retichinee between ecid, 1 V win,!Ing and 

•ituated olliside the •latiu in the closed air Hi winding k 125%. Tran>former protic- 
cirimt. The turbine ,ind gener:,lor k.,rings tuin Lun4iql• of balance,I earlhfalilt CqU•p- 
are /k,H/ter cooled Wh w:aer bled from nien' w,111 overcilrn32 rel.Ly' hir rill/,Me 
the pen/tock. /1/Ji;/ion A h> i VAk W WI f.,ull, It,•bhol, and winding lempern[IN· 

10 



ru•UM' W. 

1 1 
f* 

33•V 0,5B= 1/ 
IWITCHING 'TI'll' /1 4 , 

4 - Eli . 
ri r-£ 

TM•,re,MER. 

0./. 6GN-. 0•1 

3•kVA 1,6 T 
RAN roh,Em' 

T=ANSFOMME 

t ¢ r i + i 
2eh UNIT BO•05 H+H·14· ++H+1+ +H+HI+ +H+H+ +HI+HH· +H+1+4 

4 4 t 4 

.... %••° i• ' ' 

' 1 1 1 
.b...51. t t J lillit ¥ 111 1 

C-,Or, 6tm. 22 
7 + '/IMIER' 

23% 
BOy COMMO. i lillilllilll, 111 

ID.M. 
0 400.A VC•T . 0•RC 

V .0/ 
Su-T•TION .rnG KARIBA POWER STATION 

SIMPUFIED DIAGRAM OF CONNECTIONS 



rolay. .iw .,1,0 Mited Neutral dixpl:„emern •upplic. ,/ ....al auxiliari. for [he Mel. 

relay' .ire linal on the 18kV bu,bir.. 111(re :,re aka lw(, 5.00(JkVA ,[,11[in tiana- 

Cooling of the inn•formers i, by kircod oil tormer< 18]1 kV. which /in be connected 
and water oil Amwilers. ihe c••Ii!/ 1,1 either one of iwo rair' of g¢]ierat')" bul 
Mer being [aker, frnin che ·,piral eaning of never to more :11 in one Fair al U 11'ne 
[he turhine,. Ihe cammon 31(]kV winding. Fieure 6, 'hewine the main POWer S[/Lion 
whkh ha, a salidly e inhed neutrnl, delivers .L).nechon, Wil| make [hi• clear The.e [90 

power via 11{)k V iahle. to the •wi,ching #ion [r•n,lormors feed th: main 1 1 k V 
3.121[,011 .i[ 11„ surrac: 60{) feet above. The %[atian hurd 10 /11·h ure ¢<inneeted #ree 
cah]¢, are 0.85 square inch Lipper cm,· Beral xervice *ran,forniers. I.(XK)kVA. 
secuoll and were dell,cred to 'ile In 'he Il pROLV. The common serice, 380 v 

finmhed lengths ranging from 160 10 650 boird can Nupply the unit auxili„16 if 
Ird . 1 he ahle k.,/ :in unu•uall; advanced required In 8,1.1111,1,1 10 111¢ main other 

daign h.iving ar impul•e lewel of i.5001:V gener il ailxiliarie., .tation lighting. alrlrent· 
Iligh n,ed,:inical /re. i, tnvolved due m .en[ /1./., 'le·latering ....... 
the hy,l„.ta,i• premre equival// 13 about 
MI) feet uf <41 One fare cable per clnull (iv) '/numul.n .b'wili, Si,bineion /Vimi. 

i. provhled For Ihe vertically mi,unted Iiach penera:ir [ran,former hank Es con· 

seclm ..f the cahle rim:mil one /arc cable necle,] to the i.witching *tati„n hu.har. h) 
for [lie l},ree , ira,il in ihe hor[/ant.,1 a bulk oil 11/k/ circui[ breaker These 
06* A gurge diverler iq ionnecte/l lo breakers are ral¢d / 7.500 MVA rupturing 
each Iroil.ier nt le ab|. tern•i'ition capa":1 330kV. 

IEach ph„, i. m·itched in a Reparnic i ik. (iii) P-er W£,ari,1 .·il,17/Ame• and there :re ·ix breaks per phim. each 
Each gener: lor h.1, conne/ed to it I one being .hunled by a lincar rexis[:ine: 

3(JnkVA unit trun.lonner v.likh nornially having il, own breaking aming¢men#. The 

¥-3-r -/1 i -1.:-%427 
1 

f 

11 

&4TJ,, 
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swi/hpear i. .im, r throughout the trim· reasonable lina :ind reduce, the ]]ne 
im.,10,1 sys,em ex:/pt [har in the case of red tince giving Impriwed s>%1¢m sabilily. 
breakers ud| on single .M[ line each 1 he /.,ihility of w„ M copper:im,laclors ph// is capable of ...# i....deritl> v:+ considered hu[ ilie cost would }.ave 
permillng 'ingle ph iNe .1.0-rell'. I'· Nen ¢=.ssive I. unipared 10 4,el -cured 

lh¢ breakers m clipable of inter„lpting alumium The twin c·On(lililor, are (heId 

Arginy curren,# of up 10 30 :ir iii' ap[,r[ by flexible ring type Kpacer'. 1 he 

magn/[/ing /11/ni' of ur 10 200 Conduelor & "/ slrung m give a ten'hin of 

.lihi,ut 'cner.iting exie"•ive orer- vo]Lit'". allout 204 •,• ult.nate 'ren,0/ at 60 

1.Ine •WiLLhe·: .ire fitted al enh end of degrea Fahrenhelt and Slockbridge vilir.1 
every 

1[n¢ tion 
except al .Llishury Dul oil ihe #,J/le daniper, are fitted. Suspension m/,/or 

cir<uit rider uher: only / rinb M„ Iran.fornie. con[:1,11 ni,„10„ di•, 5/ in•},8 1„ig, 
are al present in•1£11]ed 10 ]:che. in :Ii:imeler. a ·,ccon,[ •ir•uit having & wet with- 

breaker (ho]• 1 11!plo i. prrnitled .land value of 10 :,]low apprewing,el. firK}k V .it [lie 

maintenalle: on ihe line breakel .1/ for Ilic.m a|jituile £4 [he line. The impuke 10,/1 
c,)Ilnecting .In,1 di-nneding l' trii,hform=4 approxinial/Ii i 400kl. Tenrion „Sll]:1 

[or .lrings con„<t ,/ eighteen <11,93.7 ;]]che. 
The tran.qt'ormen m Llie 'llbht:Llii,i, are all 1/ng and of T I inches i[/mier Dolihle 

Lhree phaxe units and wil the except- 0[ Itrin/are uNed al tenmon /10,6/nil :, Irn 
g sub,larim are euch of 60 IVA huckle /lu,Ing device i' priky'led 10 
1.ap.#uzy havIng low wmage ulls of equabc [he lension in (he * conductoh 
88kV or BR [he one exceplion I. Kitwe •lf le ph.L, Arcing hurn• ar¢ olll> tilled 
where dulo-tran'formerN lire u.e,] 11:'vilig a 10 11,¢ live :n.] of each in./ itar ·,tring e„epl 
1·.Hing /f 120 MV 1. 330/22(lkV. ,i ¥LoW Of fur the fir.1 mile from each line lermina 
on¢ of Ihehe Ilin•f,7rme,·b L• die•n li• 1-igure tion and at railw.4 i·ros€ing,; where arcing 7 The •ub.[ation Iransforiner have on-loud horns are fiuied at each end of [he string 10 
[,p..hange facilities (-46% to +· 17.6,5 1 ,·due¢ the impulse leve) below thai of the 
hut in [he e.•e of Kitwe it was ne/evmly lt> 

specify xepar:11: /3"'ter Inin/,irmers for 
vo|lage conlrol n•,Llnly becau•e of lr.,114,)ort 
we,2hi lin„12„1 1 he reae):ince of the 
bul,slatilm Inin.finrn,2,·3 wa• ,1•cifi•! :8 9« 
h:,Ving a m.,/Ln•l,n• 7.1': of 11% 10 

improve Ihe »gem stability. All the•e 
[ran,fornim have ilkV Miary giding 
and Bd:,ge „ 1./m li, 

Li.KHAA'St<ki 
mmt 

[f 
f U 

1!k V .hunl compe]1,.Hine reaclor. 1, them 

/ /////te for pan of the reactive potver 
genmied by ihe &,ng ir.1nwi••111 1,na 
which might *ierwi.e cause Ener:er 
iniability .„1.1 12|her (IIA;LU|Il/<. They ale 

•ontrolled h [IkV mr·blaNI ,Wilelwear. 

(v) /raiumlii,in #ine.•, 

lh¢ transmi:xion votae¢ of 330kV was 
chmen after det:„led Iechnical ind eoinamic 
wilia of' 7 -1©2 varhm alternative voliaue•. Twin /1. . 

cut'Ii'lor,2 'paced al eighteen inch :enirex. 
ot *NI-.ore.1 aluminjuni and each having 
an e.,ivalen[ copper cro,i· 41|01 of .35 

square inch are u.ex[ for ah phase. This 

:onductor arrangement lims corona 1- to F• B. 
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dum apparalug. 11„Jhle overhead id eac]• line to r:.'re gern pli:Le i:quence 
earthwires are empli))/ of 19/.104 8.11 Lompolien:. enabling the location tif fault, 
p:ini•ed ;Lee] and give :i Nbielding ingle <,1 to bee li inaled, 
2% degreeN ,11 the lowen an' prngre·,ively Ailkiperturhographs are provid,W at 
niore t.,wards mid Npan. cert.im of 111, 111.,in ,entre. Lo record the 

S.gle elri·/1 'wel' al. I.I .......1 performance of prolmive gear dll' CALIN 
the 01"1, even in c[,hes where circui" run breaker ,•per:,li.ins 
P"'||'2 1„r a /(in„lerahle dixtance. in order 1 Ii© M.me lines are a],40 used to 
to redu„ the ri.k D| Outages ,|LIC 1,1 light· tran•m,t power line arrier for communica- 4 The loweh are g.wid i,f eat· 
-d ekid are of the lalld·type t•un telemetering an,1 Nupervi•Dry purl/* 

and more detailed reference *ill he madie 10 waived design /see Figuie W. 1 h,+ wa, this in [he next scelion shewn lo he more economit·,1 [han the 
portal i>pe af .trucitire O,her fundamen "1 {vi} C'i i"iril Svwem. data arc / follows 

Over.ill height of 
The Kari. netwoik i rolled from £1 mer- 

Id t(>wer' 115 fe¢L. Central Control al Sher:„ad. near Ou¢ 
Que. A view of the Control Redm a[ Ihir 

Comilluetor spacing 37 teet 6 ilielic, C'e ntre i. •hewn „3 rigur: 9 The drot 
1.arthwire Kpicing 48 fc/1 2 in,hcs enginecr. are able 10 41,euk over u pri,Ile 
Normal,pan length __ £,500 feel. 1:]ephone Liminjunial;on sys= (power 

line carb) to any M ihe interconnecied 
The Irain and Ingle t,}Wer. :,re di·41yned power .... or ....... w cantrol tu with•[kind the I,reakage „f B Lomplere wi[,hing oper,tion. ard Ls.ue loading pha': of line 'undultor• and ene earth con- instruclii,r„ Trunk dialling ticilities arc ductor, al malin. m le.,on. SU,pe. loll 

towers 're d///ied frir lai///in.Il unbat- prn.ided . al] laill 

ance cornsponding &1 the breakage .it 1·0]eplio,ic fa:,1,licq arc reinfurad h> 
nor,141 tension of une of ilie pair of ph:ke telepliliter, alid heiwee/1 Sherwooal ('cilitri,1 
Lundue,on, or ene ear m oin.1,1.mr. All the /nd th: Board's HIEd Oflic: by photo 
mitin tower typeN were "el 17 (led'e'lon facsimile CqUL[Nll•Ill There S a gellerd| 
by full scale prololype Whts. 1IldICallt. pan' giviny :LLIUmt•,11, inil[Ca. 

Gal,alli,ed 31/e] wire ininlerpo,/ i, laid IN,1. of :,11 i nip,briant ."itih and 1,01/[or 
micm (in le mt¢81 These Wia 

:Ihing the lilie roule where 'hz· t••wer Moiing iwel,1.-five 1.IN·,4 exceeded 20 i.lin™. and hir lhe 130kV oil •ircilil hreaker• and 
w:,aled Italors. all the muln (r[Initormer IN mile „110 each KIN,ition double coun- 

terpK•i•e i• 12,Id irre•pe• li ve of tlie *4 1 V .wit,hee:ir and ] lkV reactor switchgcur. 

resktance• Ihe transmi,wn line /re piti Tlie general in,Il.·lition• arrangemen<< on 
tected by three nine high Treed di.larl!:1; ,•e ,·i,1,1,01 p inel are ulch thal [hey imin:- 
pr(>teclion with ewrrier •,cce|era(,•in for /,dy *hew up any discrepancy hel#/en 
faulls willn Ihe •econ,1 ione. Power zing the minlic ilin er,im :ind the remote ,*Lich 
relu» i,re provided to pre,en[ operalion po,ition Providon k made I enable the 
during time, ar gste,11 in,[ahmly. An con-] er™,neer In imliate a cheek on .ill 
meption to thi>, protection arr.micnierl r. ..,vileh and i/:/or position·· ··hould he wr·h. 
niadc 0,1 the No•ton Sall,burp line, where the aple[e check laking onlY a few 
330k V breaker, are imb indalled al die „, „nd , fur „inne 16* indic.,tio,„ Th, 
•t>rlon end [he'e line' are protecir:i by generil inilicaim. can he bunched injo 
single /,ine high To:1 d I'li'ce prole'li)]k £ roup. i,f up to 96 i,i, a chi),2 n vi ice 
with wrrier interlrippilm Back·up pnite· frequency telegraph (VrD channel for 
tkin ' p.,v,•leil hy ilefinite minimuni 1]]'·ef•e tranwisM,i from [he remot¢ itation and 
lime over•Lirrent und dired,onal earth luu[L m canned Kilil Norted by means of uni 
retal. Iele:lon al Ille terminal' 111 comrol 

A »Iem & high·,peed self-I(>cking vult 01]gl[„01,4 .Ire „nniediately !11 „le aware ot 
meler =1 :111,[liete„ „ UNed al holh end. unv *por[:int ch.ingex Ln Nystem Condition'·. 
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whellier in/,mon:,1 or [luk· to fillills, hy ch:innek (721,11„r freque,]wie. used on Lhe 
whle and audible ,larm, h>•1¢m for con•n•unica,ion• alid pr•,1•,i,m 

The mal local indications of ranue from 64 10 476 mieni kilne>cle, ard the 
trequena rlite of change 01 fr:quetic>. ./1 number of /4,1,•munical./.inil 'Intl 
s>s/m time :ind *6/ [irne:ine pro,ided. ling ,hann¢Ix employed on the .>.[en, l, ihi• 

and iii :idil•lion Ilic• contiol miner. are btago of th¢ developmen, 1£ 71 

4 informed / the 8.1 flow (MW and 
T¢]emetering :mp] y the jet:printer coile. MVAR) iLL a|| in,por[.int point. on ihe 

a p....ular le'er being :iwill./.1."i' 'LI·h 
s',IM hy telemeleriny readine /0 he uln,eye,1 from lie „i,Natirn, 

Indicilion, of bushar vollage. ho[h 330kV to the Sherwood Control Centre. VF1 
and lower volt.19/ (814•V, 11kV, 220kV) are channels are used and :in acironic pill/ 
aho ·.elemelered 10 5 erwood Control g¢nerating and *cannini deme enable, *ix 

to twelve ind¢pend¢nt in,trumen[ readin/ 
All these facl],lia dre made po.sible by to be tranimilted over a "ngle chanrel on 

the uk of VFT and power linc earricr ehan- 
a lime diviNion p/,/4 the 

6 which Kcanning are transmitted me [wo phae.i .:4 uence being repea[•1 :very ]20 mi[Ii- 
01 each of [he Iran,mi.•ion lines Signilling ,oang!*. The magnicude of an indka[6.11 1, 
and dialling for telephone *M# 1. hy /)verned by the nce of pulse inilialed by 
mcans of VFT tran,mitted w/h the Npee,16 the meawring instrumen[·. ii.hkh .ire i,f the 
on a power hae Larrier :haimel, seraration rolaing-disc. induction iype. Ihe lit,her [be 
b¢]ne by mean·, of Ii; There are .,1 

•·01[aee or [he higher 6 1.1 flow. the 
pr¢,en, up lo •ix channel, of carrier on each higher [he pulse rate 
Mmoion Jine (thi, m he extended latcr 
to :141 channel·) 2,113 associaid wi[h ah Th¢ riornia] pUISe rate for maximunt meler 
channel lh¢r: are one speah and .ix VFT indication 1. e,!her 664 0, 334 per nimille, 
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depending un die Lype of uistrunicin. 1 lie C. SOME SPICIA] PROn[./MS OF 

i,lenlifying letter enahk. ihe ,ign.11, to be CONISTRUCTION. 
mi/t :01 ihe corre•ponding initic:Ning 
Ammu the ,·onlrol roon' 1 1.'22, thu' de.cribed the dc,Mign / Ihe 

Projeu. it Inuy be irleresling ki rev,c• home In view of the import.int krgices whi,h 
of the >pecial the power line carrier provid¢q a number problems which arose during 
on•ru.[ion .ind whi: 11 h :id [i, 01 h• 9,[emati,· 'ategil:inis are built ink) the 9,1.:in. 

ally *olved. They Allided the 9,"Ihy 0:0•Ili,lor·. fc,lkiwing:- .ir: priwid¢.I fy' Ihe 

power carrier rack, whiil mikh in auld- (i} Uldn,&,0 
maticall> in the event 01 fullure of :he m.un 

0<illator. Au'!114,0 supplic' are generally lt'. ..... to J¢iernun' aR aceu· 

rrm, U le.1 fr,in, i h ree p(,hs, ble giurces [lic Itil- ralely as po*,ibl: [lie h:haviour of 1he river. 

ing tw,i,) the main suM[.Ltion:ran/orniers pirlicul./4,1% regara the magnitude /1 

# an au]•iliarv 11:indormer L.£1 :1111Onnatic peak 11-b and thair lime of .irrval al 
Kariha I th: chang.I'. whole, con':.·Il. 'ir from Ivitnihmic/ /ara.. on a ..Lor 

penerator set run ./ [h: 220V D C battery "0 goorl. Itccords of water level• M 

upply This ,[aris up immediately,.houll Livinght<in, had been kept kince I 905 and 

the ni,rmal :I,},Al.ilian .tux:liary .uppliA fui]. Ul: daily /'charges were kni'w A. muralely. 
Al Sher..»d. ihere I924 onwards. Water In·els had al'o 1. i fur,her line from ,/ 

defence m [he form of a dic,e[ been i:iken in [h: upper level aril generator w glueing 
w hia an be /,ined from the c<introl em were egabl// .,1 Chirundu down. 

room. 
Ire m /' Karih.1, L[ Karib:) itself, .ind on 

While the Nuipmeni provided r r coni- •Dm,• of ih2 mainr [1[butarieh 
RIT'lle'lan' .li•/ Ihe ,[iperviqi(m of 11'e nct. 6 1 calchmenl area covers 256.000 
work is of a high st.Indard and rellih[: 

Min:,/ nine, of whi/1 I 96.®0 •qu.irc mil" 
operation E In be expe, 1•|, P# Offk¢ lie• upR[re:]n of L [ving. on. (see /1.ure [D) 
te|eph,ine. are a|„) installed al illl C¢!Ure>. Mo.1 / 111„ area 1, und:velop:d and 
and, al• a furlher li,Mirance, III- radio• ar¢ 

i.parsely popul:/ed. „1 ihal h,sic meteoro- 
Fro.kled for co..unical&/ h¢[ween Ihe 

logical infurniatibm was „:ini> and dithcult 
80 Cenlre d olher i]nporant opcrat- M obtain. 
ing poini on Ilic •Fleni. The w:ime radio 

netwark E wil m nminmin contact Wh The pari,•ular problem of the 09¢:1 of 

18: ir inan'i,flon "*m '11.L,":11:Like Airgani- f|ood, oIl [he con>truelion work :ould non 

·ali,1, gh<30 1 1·,e :le/Rs rin(| line he e,icirel4 q,Ivcd. bul I[ ]111,1•ten- W.i• gre Lt]V e.i,e] 

an= vehieles ire„n„]arl> equiped will, HI· by waking re.:.unable ./owalie m die 
de•ign of the river di•er.ion ,[ruciure• and rid i.*. 
hi e.[£,hli.hing & flood warmine •v#[en, 

All t 1,4 com ple, elrarnitic,inil attier lighl .hith Kicce»lully pred/ted [he limne, of 

eleclrieal eluip,lien, r./i.re' c./ eful main· arriv.il <lf flood pcaki .11 Kariki. 
te,innellc -ure pniper perf.r,/ce .Bd 

helk il is re,Ii.cd th,t tllere are included in (il) Rner Di, enA,il. 

6-5. i' 'otne 6 000 relav' I.19.00[) ridil .al.el The programm¢ and method of diverting 
e need for a 'killed 1/Llal i,( .peciali•ts '0 [he river m allow (he ,owrucLion of ihe 

cover rouline in linlen.ni•e and repair Or 11:,m ft,undation. in the deep 01/4 pohed 
faule. is apparenl. With le widespread a Nrecially linpor[ant problen), 'ince 'he 

I.in,miwon 'ge,n extending from Kitwe nic:„ary con,lruction work could unlq b¢ 
arr/d out during th: dry om. when ihe 

in ihe Narih [,i Bulawayo in ihe Soulh 
ilow in [h: rker falk lo beL"'de, 8,000 'ind 

a di,tance i,f *,rne 8100 nules by road-there 12.000 eu':c'. 
ale con•,der.lble problem in r.irid move· 

By the rapid actinli of .,wariling nient of the•e .recial" fr•" a pre one .... to 
liniinar> con[rael in mid·]955. il /1 ..sible 

mother a. it is ohxiou>ly n<,1 possible 10 1/ save a year on ihis work. and this was 

have :in irdividul[ wilh the rguired skill al refiected in the con•ruction priwnninie fil 

ead] dre. the whole i.chem• 
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The nielhod & diurtin, Ihe mi m ing other w(irkels and dependa:*s. m 

also 50[xl by ac,igning and p»viding an litioul 2.•0 Furopetwi• Eind ]0./XK) Atric.ms, 
in#/'i„,/ 4//m of colter /8, includint 

of :he u '.emi-cir:·ul.r con.rele .mfer/lin Mol 'f 300 l'ilropeali• were recruiled 
feet rada on the 01!.ile [h= re:Jer.irion Nar,Ii hank: Inki the a : „LI|:/ large•.1 

can, fron, eoncrele coiT¢r·Jam of 370 fal dia numher meter rumpe n 

tlic deep channel nf Lhe river: and a rockf,11 Ai the start, some dmicultv w.2, 
coilerdani #micdintel> downstream 11 11[e experieliced 1,1 recrilillie Atrican I hou] in 
dic Many of Ihe operations involval hail „ompel,Lion with th: large nuning concerns. 
liever prephi,%11' been carrie,I i)/ 2'n a com- A ,innitar Ny.htem of contract labl)Ul to thal 
parable ,*cale anywhere in [he World d hy [he mini w • therefore a,lopted. 

and valuable mi<tale in recruitment was 
• iiI) I ... obmined • the Rh.),le„,Nalive I.ah:,I,r 

Th¢ pr(,blent of access ta and /.1,1 the Supply Con•i. (lood welfuri• •ervice• 

4. ini Ihe lime :, ,£„lahle. i,preared al fr,i and amenliics were also provided in Ihe 

Lo be almoll Inquperible. N/erlhele.,4 1, Al,]ean Town,hip. As 11// arangemen,i 
re.soK¢,1 1[•elf INLIU into ane of econ.,inin becune known. w.]unteer I.,boill pr•ent. 
and hard w,irk nxelf in large numher, :ind even to LI.i, when 

'truel,Di' Ls virtul# c•imple'l niimher' Al Gri. only £1 rough ir ck Miged fmrn 
of African: travel king dklince. to Kariha Lhe m.in Sali,hury-Chirund, road to the 
seeking work. Qinh [Lank al Knrihi a/l. by mid 19'5, 

21.ce„ li> the Nor,11 Bank wa., achieved hy 11 iM of intere,1 [hal, even glier, Mhere wa, 
a tloaling pontoon hridge .,cro•:i, the river unrat In o,her parb or th, 1 oderation. iii) 

wh[Lh wa• quickly vipple,m·med h> anotlier [rouhle arome :1 Kar,ha Throughom ihe 
rough irack from the Chiron.!Ll- I ugh m.id five #ear· <if con.tructhm there wa, on], <)ne 

The ni:lin gravel.Aurllical South Acce• blrike whkh arose fron, a sir:,/h[forward 

road. 48 mile, long. w,s <oniplezed hy indu•ri/1 :liNT,Lite and wa, se:[led qunckly 
March. 1957. Thi. North Acle• m.id and amicablv. wag 

inler/ed. prin rily, for the trail,port of 
cemen' fram the m.iin xource : f upply - 
the Chil inga Orni·i,< Works, 119:ir I ll„ka The prove,ion of a)n•lruction 10%,n·.hiph 
in Noriher„ Rhode.ma for ihe ['bour force proved 19' he a 'milar 

A ./Vinim 11•,thridge or 690 feel clear priblem to *al iii ami' Ind wh re"hed 
span aero*, the Z.ambe•.i manner. The con.iniclion of at Ihe ilam in d similar w wa• 

Mrlelet[ in W.ly, 1956. and a load bridge. mwn,hips „:irtcd in Fehruar>. 1954,and was 
•uitable fi,r heavy irame. waN m ulieraii,N suhstanlially comp[:le in ci:hleen mon,h.. 
h, September. I 956. •ome Kix mon[Il. :iheail of khedule. Alruly 

remarkable achie•emen:. The con,micalim or all rh: niain inieinal 
a//, road• a[ K.irih:. W:EN well advaneed After several experinienl• conen•te hlok 
b> mid-[956 con%truction wa• 1-ithroi,gliout wil]' 

Thu first aircrip a.bE<# cement waN in i,peration rooting. giving vir:ually in 

Novemher. 19!' and il w.1,; exlended and permanent buildings 
impri*e,I during the '·'suill .' in.'lli.. No[ i,nle the nece„ary Ii,HJ•ir,0, hi,t A 
ThiN air•trip -l ullimate in und.red hv offiLeN,,hopK. Ihook, church•N, po•1. i,rte,x Lhe ri,ing waler i,f the lake al a iew hank.. meeting halk beer halk [08. can 
aer(,dri>]110 was cati,[r u.·led .mil bri,Lighl inli, teens, c|inics, 9 ho•pital and a ximming 
operanion in Noven,her, 1958 pont were huil[. 

60 inhour The [(iwwhim were s,ied or, a series of 
M d ridge, 21 ille Ah side# of ihe 

The p¢ak labour ford emplo•ed / Karibi gorye. ihe highe,t part heing2.70(*feetal,•mve 
amoun•ed to aholl' I*500 I unipeans :ou] w level. or 1,450 feel above average rher 
7.ODD Africans. Th: peak p 313:1[.Ii„n. includ level. 
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Waler 48 flumpe,[ Imi le river lo i Rhode'a together // all oilter Rents under 
odern purifi.11!On plant :4 then (]A 12 tons from the railwa) Niding,; / Lion's 

'22.2 
ibute• the rexidend# and works areas. Den and Kai'ue 10 Kariha. and the olher for 
rtly by mwil, but mainlY by further tran'porting all Hems over 12 [ons [4' Kariba 

mping. The rated eapacn, of thiN plan! and In the Mibstalions. The comraclor who 
boll[ 600,000 gallm per day of potable Wah awarded die latter 

S 
contract purchad a 

ater. pIlls ahoul 400,444 gall„n, per day ,pecial 32-wheel road trailer. with a enpacit, 
of ..aied waier of 125 mt™, and had a sin„lar trailer avail- 

cilv in waN provided hy able in the l.nion i,f Souih a Africa, lemporan caxe of 

diego] gencration ,tation which. in the end. daniage to Lhe fir.1 

had an Installed tapacity of about 81 MI The abnormally heavy items included 
The outpul * A inly led for con.truction 

iweni>·Ax iran·.forniers. weighing belwcen 
work. hut il HIM, «ved the towdips 8 88 and 109 long [on, Due [o restriction on 
tributiD, throughom the Mi m it{ 111,/ road ]0/ings, the iransformer, normally had 

Sewera# dixposill waA hy Keplk lanks to be d/liver/during // dry seasons. The 

servinggroup• of huilding•,Ihe effluem from beic principles arlopied were ac foll/ws 
which wa, pirle,1 In Ioakaway.. 

(a) Tha[, as far a, posfihle, a! le/s[ two 
(Vil V'mispo„ {See Figure 1 ) aternative melhod< ghould be Mil 

able for Lransponing all i,ems. ThiN The mannil,]/ of the problend m. 
wax •chieved. excep[ for turbine rl,/ parting the va,1 quantilic# of fIlm. equip ners and cerulin heavy ¢ables. which 

.enl, material' an{1 :upplie. requir/1 1/ 
had U, he transported hy road fron, K/riba wai. reall·.ed al ille outs/1. and tile 
Boira. whote aper:ilian was nieticulous!> planned 

Sand and glane were obtained locally, but (bl That [he organisation ,hould he 
[he 400.000 tons of cenienl r<xiuired 1,ad to :umciently flexible m allow for the 

be brough[ hY road [ In mile. frain Ihe arrival of dimcull i„ms ou, of iurn. 
cement work' aL Chi!anya WL'r (11¢ largeit due ,/ eauscr such a: delays or 

portion of The plan[ anil equipnient re£luiret] acceleratinn in manufacture, alrikes, 
had to be brought from the factoric. in bad wed [her. e [c. Amng /her 

Europe and in/0]ved transport by road or things. this nciessilated arranging for 
rail to the docks. by *hip TO African [ar[., special holding area. ihroughout 
and by rail and/or road in Africa some Sou,hern Africa. bui. hy d ini of com· 
item·, urgently re,wired were tran•ported by plicated jugpline of time tables, 'hcy 
air For norma! hems, a fairly 1,»Ne degree were never needed. 
of co-ordination wi ma,/1 :ined between (c) Thal ,hipment „f items from overseas manufacturer:, #hipping ageni, and the should never he held up heca,60 of 
Board and their wn„Ilting IngineeR· tran.. doub, a, lo the po.ihility of iran, 
porl organi•ation: but ihe 1ran,por[ of urgent por[ins ihem in Africa, except as a 
items and abnormally heavy or hulky liem• la•t resort Thi; he/LAM 1 maller of 
was very earefull> co-ordinated indid pride. and no 'ems were ever refu/d. 

Railway ,idin# 11 mve K:inha were h/11 although ihis incurred many ricks. 

at Lion'· Den in Southern Rhodeia and at since port authoritie' would not allow 
Kifue in Norlhern Rhodexia, #„me 140 and heavv item, 8, be unloaded unle, a 

90 miles respeclirely. by road from Kar,ha. railwaY wagon was ready Li, receive 

The them. Nlding at Lion'% Den Wah eqllirped 
wilh .q [00.ton Gohath [ravelling crane, ana The railwa¥ aulhoritie, in Sou,h Africa, 
[ he Board a [,0 purchased two specia I [ran' Mocanibique and Rho/da co-operated 
lormer well wagons of i 10 tons capa„13' magnifice/ly and 11]lowed prlorn> lo be 
which were operated by Rhodosia Rai[wip given 1 special]> urgent con•ignme,•b. 

'Two road trap' eontrnet,; wire Without [his m.operation. it i, highly 
awarded - one for Iran.porling cement from probable Iha[ [he whole .cheme would have 
the factory al Chilingn in Northern been delayed. 
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Altoge,her. over 600.000 10 ts „f giywls No me, of ,leeping w.·kne:x .#ceurre•1 al 
were trans/irted 10 Kariba. of which about Kariha ibelf .inil ll,e few c:INe, hro,Jeht li 
40.# M *re am¢nt Ihe whole Iraia· the h.*Lal :,IJ came fri.ni Minte di,wince 

•1·11 (N'•rntion worked smoolhly and no away 
$ <Acirred. 0111/ one in"porian[ i[:in 

'viii) $ damaged an,1 1, De'An /i,difnah•,8 8. fi)riunalely. 
re]31[vely eally re- placed In addition zo ihe above •pecial problen„. 

there were ,#f wurve [he LibU:,I pr,ible!,i• 1.f 
c v ii I HAW,h. de.ign ni,idifi,/,in,--C:i,J|. mechanical and 

clet·irinal - which became .eces./. ,c 
The hulth of [h: c:onstru¢lion Torie p,hed winrk proceeded and which had to be a/,om. 

another problem, due [o the hot climate and 
modaled inio ihe sm„„th flow of con,/rue 

the remoieness of Kariba. The nearex[ Lion and in•tallation. Some of thM caused 
dtletor wag ]00 mile• away and ihe neare,1 difilcultiez requiring urgen[ action .11 [he 
110.pitalm, at I u.aka 1/ Sinoia, were 

lime. but 2111 were 'weceN>fully 2,·croini¢, 
respecti•ely ]30 •nd 150 miles :way 

A medical or/niution D. CARRYING OLT 1 liE 
was, rherefore, 

established h> ihe Board. which ,[arted in CONSTRI CTION ·PROGRAMME 
mid·1955. wi[1, a m# clinic and Dne 

medical ker, and m extende.1 unn] in (D (·ail Eit Eneerin M W,irk.• a• K,vilia. 

May. 1957. a niodern ninely bedded hospital The early period of civil engineering con· 
waN opened. complele Mh Nurgical and 

struc,ion wa• •pent in preparaI•iry work X.ra, unil, and lahoritory fakililic. The 
e,tablishing 4 consi,1/ of 1 chief medical oilker. consirucion plant: developing 
local acce,sand di•ernng the ri•er. The all. 

surgeon. a medic; I ofiker. a nmiron. and 
m eflori e,immenced on the 

eighl underground nur„4. u,gether with ihe neces:ury Fork. proper early M 1957. and on i he darn 
iupporiing renonnel. A denial,erviec was 

in [he ,econd half of I 957. 4.„i of the aki• provided hy a vi*iting dentist. W 
million cubic yards of concrele in Lhe dam 

1 he effect of Ihe tropical conditions on were plficed beiween Ser,ember. 1(157. and 
the labour force. alihough appreciahle. wa, June. 1959 - a perild of only iwenly-one 
much le». than had been ihoughz [ikel>. and mi,mh, Figi,re I 1 #hew• the dam under 

thegeneral level „f he,Ith m,00(/ As was r m.truclion with the central coffer-dam and 

inevilable, due zo [h¢ nature of Lhe con· the river f]„wing through ihe diversion 
/ruction work. d despile even precal,[ion. tipen ing'. 
ae,klen[, occurred ind de„h, wen caused. 

The wn,lruciion of Ihe dam. howew, 

PZ 
Special pricaurions were taken apain,i wa. relativel> mple c<impared wilh Lhe 

:laria and Sleeping Sickness For Malaria undergri,und w•rks which were ex[rentely 
taklng of prophplactic drum wa, compliated. and ilriolved exca•ating :ind 

enforced „ far a, po„ihle: hou,e, and con,reting a niaze of hal® [unnel, and 

buildingh were xpiyed iniernally with shafti. The 1-1 main hall, were [he machine 

midual inseclicidex: 3nd larvicidal Nprdl hall. 468 fea long by 75 feet wkle hy ]12 

were uged on any poolE of waler in ihe feet high. and [he iran.fi,rmer W, 07 feel 

winity of the lown,hip, and working .ites. 1, ing by 55 fect wide by 60 feel high The 

Due 10 11»e meas.re·„ the inc;dente of Ihe mui quantity of rock neavaled was nearly 
di.ease was remarkablv low and ll,e few 80<).0(JO .uNe >ard•. :ind 184.OCK) cubic >ard, 
,:i,es en•ouniered had invariably negle,1/1 of innercie were pia,ed The .ix ,[ee! pen- 
[i• take Ihe proper prophyl//precaution. stocks. 18 feet 6 in:he. in diameler. which 

lead [he water 10 the turhin,4, were rolled A rn,granime of aerial rpraying wak 

carricd oul in 19.56 Mradical¢ 1/Ic fl, and welded on duJ out & I 125 inches A k 

fron1 breeding places near K:iriba. and Ihe lee| rial 
fly wa• liter controlled hy the prai'ion af 1 he wfuile con•truction p/,granime went 

61, 24 kirrier• 00 211 IM" road• well,Ind :ill the t:,rge! ilam* were:,chieved. 
entering the .m. :inl in niany cases benered. As mId be 
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expecled, ieveral min,ir •elhack• cic,urred, main dam fi,unda[kin·., w./, civer,•.pped and, 
bul Ihere was -4 one maJ„r >elluck - even wore. a hole developed in ihe rock 
calned b, & ri,er ital found:,il,m beneath U„ Lip.tream H]1 ,/ 

The y.igarie• / the river during th: e„n the coffer-d w. 
%truelm period have become Imil The nia.1 bridge m ditn•yed. and Ihe 

legendary In 1956, when / ,/emed ihal the fiwit bridge *er·erely d 11,1/ged /'hcu:•h road#, 
fl<*18 ,:a„,n had ra.xed. a cychine occurred ellic. and 'bire·, on bodi hant·. i,f le river 
and ihe acconipanying hwy rginfall cauied #mmept tren, the ,ide, of Ihe gorge For 
an abnornially Idle rke in ihe river. wi,h a period of i¢ n day, the underground work, 
con/quent reducti: n in [he dry .¢a·,on had ki he Nealed // 1,1 preunl then• frim 

wor king time. being flooded. During thi·. 1,nie, cili I,cirk 

In 1957. ihe main fl.«1 peak /.c 1.3 at ihe Nite was aini„/ I„ta/Jy gii.r„/Inl 
290,000 cuseci. •hich a hipher than had The peak ••f the Id i rred M lh 
been known hefore and equ// die higla[ Marc:h. 1918, and a. w,in * 51 .,Lirted m 
flash fl.N*! previously recoriled Thi, inun- r./•e. re...ion / ille 'ian•age ci),n- 

daled [he North Rank cotf:!r-dani and caired mccd. The road, were repaired within a 

bome delay alihilligh. firtun,[ely. Lhe few da,* 3/d :he q.en,m fiwit bi idge w, 
damage was i/ignificani re-opened on 10[h April, [95R Repair' 11 

III 1958, freak weather c indilion, gaverike Re ciaffer·dam were wHmpleted untii 
/ a flood of al/- calastr,mhic Jume / propor- ihat Fear. and /1 wa• 5/ple,nher 
lions. with a peak Lif i70.000 cuxee,---ainio,I before ihc new niad bridge $ in operati,in 
double [hal of the ]957 fl./ Thi, caled The falling h' me// further 
dcla, and damage The /entral /„/er-dam, problem. The main ri•er iliver•i,in ,(rue- 
Kithin wh.ch a „an had heen made „n ihe 1•]reh had ken damage.1. requiring /e 

+A /i9Atibl••4•#/ 

N...·14='. 16••li 
4. t'lli , f #94*37• 
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aJOI,[loin i,1' • different ./id wre expen:ive flooil &torae: in [he I.ike, could 2kcomme. 

m/h.*1 of scaling„/1 ihe dam.undenormou. date a verv nmth grealer fload th.in had 

411•„Tilie. of debri, h.id heen ile/,3,[ed Li occurred in 1958 

ihe rive, di."incl Ji.1,9,0,3131'Jv diaing/am After die Ivismnx had been m.ide. dic 
of the d.int Gle Thi, debris had ihc effect r,miructi,in work con,inued s,no/hly and 
of rai•ing (he tailtv.iter level and. if h had iinpi.Indi,% of .ater il, the late commenced 
been left. woilld have braughi abix a in December 1/iR. a, planned. 
nzarked red,1/ on in ihe elliciency if Ihe 

In i 'Te' therefare' i' 'he maior di,Krupti'in wheme A chank/, therefiure. h Ld lo bc 
whkli wl:* ,]•Precedened in a ,chenle / thi, 

excav:,1/1 IhrouR!1 ihe debri, 1.3 restore tile 
magnitudc, al[ targe' were achieved. wilh a 

original conditionh mihantril margin in the case of the dam. 
The whi.le of lhe con•truction programme Figure I 2, , h iw, a view of the completed 

for the dam had m he revicwed, hoih frim iian, w/h water Prig thr„ugh iliree or the 

the plint rf vie# of Ihe ,[el.ly which had * qillway gates 
0 1[rred, // Of /0 py///of ci'"r (ii) i./i'cl,•cal a,1./ Ale, hailikad /..izii,•e••ri,ie flood ,ic.urrine in ]99 A highly accelermed 
progr:imnie wax. ilieref ire evulved ghich. WDiA. in 
[he en,I led kieimp].·Ii„,nof [he d imalmw The ele,-trical and mechanical engineering 
a ye Ir :,1,e id ,/ Ihe „rig;11:LI.chedulc It wa, Nt,rk .<1:red the provw an / The power 
A 11»ugh[ prildent 13 Incralg! the *pillway •laim and sub/:intion plant al Kar,ha. Ehe 

capaci, v, antl ilie nincher / 611/ec /te. in 9(» mile' of 330kv ir.in•n,6.,en line 

the dam wa: incre,ike,1 fom four 10 4 required, ille plant .4 ihe receiving .ub. 

giving a maximurn dirharge ial .acily of MF and the pr.vic,ion. Mering. com- 

336,000 am - which. ,upported b> the n•Linicali,in. :ind indie:/ion plant Here. the 

af 

·*.i·. - 

04% /5- .at **85 

41. I 

% ,2. 
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work w.h I u ... lorinal 'ullure ho A ./h .i. .1.1...... Once 
required de:/led and careful eae:illiia to ag.Lin. al] [,irget. Mere 'Ihieed :4 11]e 
c..ure iii·ordination / malufacti,re, inin' firxl [hree ti,rhine-ge•enill•r. ./ Karil I. 

poll ard inhialtalion 19 the very 1..rge 41•an loge[her „idi [he ,„i,ciated .ecikin. ,/ ilie 
Eli(.b of phint and .. . hieve co"i.'i.ine tra•mi'ion ...m, 'er¢ conimi••'med i.n 

¥1 

4 . 

1 
L 31=. 

t .,» 

1 111• 1 

:A#AFf. %<2*F k <In 

Fi, 13 
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The pr,igrannrnal il:8 Figure 13. hew, a Municip lilie• an [ ler·[rlelly Supply Com- 
general view i,f lhe nmihine hall with Ihe mi„i'm and 5, prlval' 1,0,!•Cr supply com· 

firs[ three 6 under con,truclilin p,li,y I ilisiderable [hillighi W£'gi•en 1,3 l'e 

* lunern 01 1he mitial lardTh 11 wah tfil]) (,uhnurln,11 ('(,%1%. 
Ai,ml> de•frable lh:11 th/,e Mi[;:,1 tariffs 

The wnrk of wn/rUCIJOI i, mil yel 311, IM T-1 re'luin: carly alleralion On the 
fini *hed :ind it 6 .1,11 71 „.ihte th, unfore. i,t her h:Ind.i hey Inlhz he inafarm pr. ivid ing 
9 *%·R,8 ni:,> :irihe. Whh £|1!x twin the .t,rt the maxitnum Incen[Ke to 

prolkii. the pre-' e•tifinit. ,it the coh' Of 
devebipment ,•f Il,1,1 . Llut ihe heal 

the Project are .iM:inliall, below Ihe capilal 111'i*nieni ar Kariba mlght ·.oon be 
wigindl Limb a will he sern from the browehi inin beneficial u,e Furthermore. 
foIJaing figures:- accnimt hild „ he [aken of the fact thaI the 

*ill *Irc.c#. Ill. nauurally expected w hee .1,•c 
D.- 251, 

&$/ imi,wdi.:le helieril fn,1,1 the bringine into 
.h .h 

'Lilli, r,5 'ill,•>I h •Ii' ilveratic,n ,/ the K.irila Proice[ in th¢ 
6•11 4,••,»,4•Z Work• tangible Win W reduced CO.4„ f,ir eleuncily 

(ineluding engineering supply 
feeN, %.iand 

1•,nL]n•©nele•) 392 40.6 +1.4 Alihl•ugh the Kar,hi Prnject 1, inherently 
..·'ll,ipid Wich... .ii.As. a very | 1. 0,4 11 wer 'cheme, IL wag never. 

(induding [h:]ex·. n,it en/neering ea.> i„ xatisfy thes, requiren•eni. 
fee•. ex],enges •nd for 11'ree r•.... - 

•nlin,en# 27 5 21.9 -5.6 
1 During tlie fir'[ 5.0 or i Ei e yean 

**% /t . whil ihe Kariha Proiect i. under 
pinced pec,Me, ad,nin. 0/H/M d plant heing hn.ught 
lr:,tion, m.. •r 43 Prci' 6 M |y inir, <1/ ration th e oull>Ul 
vic.. preliminary ]I 

Inin, Kariha •ould necexurily be V*ns. L® 1 relarively limned and hcnic the colt 

(interest n.,1./r per unii •ui>plier rela,ively high 
.... on !•i,in. 8.5 74 1.1 2 In „c„ riana With the tern,1 „f Lhe 

1 iian Agreement wilh [lie W<•rld Bank. 
T(}TAI 79.S 74.9 4.6 

1 he Federal P.ywer Board 1, 6.und zo 

1 !] c•irlipa ring "' esti mate• il /nuld be pnkle fil h.ill .c 'apilal ./t of 

remembered latin illditi{,11 t„ 9·inering all .9.,ge I I ©1 ihe Prole:, m „f revenue 
fri,n, Slage 1 The Num il)vnlved 6 

M * pri vided & m the original 
ver> *Drable and may he ab,>ul 

ek/,1.,1:' tile lai"t e.linlate alia covers - 

£25//Ah 
W Dari N> teel bie!]er. 

1 The Board k bollid to re-pay ihe 
{b) Sub'tation 1, 8/¢ 90/|y lii I i]·4'k:i. lo:,19 rai.,ed for Stage 1 Wilin the 
(cl An add,Liod 100 MW iurbine· rer[0,1, :,f ihek k,an.. whkh are in 

gener.. Mener.,1 ·,horter than [he economic life 
of the plant 1,3 which [hey rclaic Dexplte the ine:rea·.ed pnrii.m ,/ PI:/1 

and dip// [he rhen itiena] 11<ind·, and „Lher Al! ihese fa [.ir, um.1 1,3 make ihe inihia! 
dillxulties durlng /01„tructell)11 the pre/Lit c- of i»wer tram Kariba niuch hieherlhan 
m/,ale & cost i. well bel.iw the or,ginal 111¢ ul,Linate co,1 will be. I wi therefore 

the ¢'ll decided lo fr.inN n'.I e a wiff l•n follo•ing 
prine,pli•: E THE KAR]BA PROJECT IN 

(a) Ati l,n/rtaking· .hould pay for the 
OPERATION fli]# le' naw con•utne £11 their 

(0 1 l hae,·ai hiwer Hi•urd' • nulk Supply pre•en[ praducikin ba 
1 aril! ch) All l. nderaking, *hould be abl lo 

1 he }·eder/] Power Board wpply i,n[, in purcha•e additionali.upplict. at £1 uni 
bulk and have but Mr,1 wn.unier, - ihrce fnrn, price fixed al a level equal to 
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]Hic ini,n than h.ilf 'h: rre,ent It will be qen. Lherefore. that al the 

aver:/: prile. preen/.ike le,/ waier fi,r the operation of 
the hr„ four Meier:joir, on r¢>tricted output 

The eIFecl 'if thi' t.iriff i:.,14 li, 3.ec[,re lii 
i. already assured. No. 3 gencnitor wit, 

Lhe Bi).ird [he re,enile nece-ry i„ meet the bricu,ht in 6, .ervice £ ihe beainning of 
rre•ent prod,Jcti••n Nx while al ihe me 

No•cniher and generalor No. 4 1, planned tme making :i,ailahle In /11 l.ndcri:ikint• for inminis•ioning in March. [96 I By that 
inimedialek [he henehts of addi,i,>mil Koriba lini:. the maxin,uni 'apacity of the Kiriha 
/)•er at very imich Ii,wer,i>,1. The aclual 9 W will ke ablut .350 MW. 1[ k probable 
form of the t.rement larift· linally ch,nen •hal when lhe •tali,it' li llper,|1* flt 
M [lie Ma iwi,-pan i.pe wi[h a do•igned head (if ah,UL 110 feet. the 
relatikely high fixed com/in:nt ,£7 per kW 

gener,tor, will he ta pable ,#f a :,in,inuo u, 
of annua] naximum demand) s ini over 

<wpLIL lif obi,ut 1!2 MW /,ich, though their 
40 2 of [he /1.ird·• co,il, of production ix in dexigned rniing i' 4 100 MW 
diefixed 'omp,inen[ ancl:i verv 1,1/ ruimine /1 may he of interc.1 10 LI, e ionie dentili 
component 4 0. Id per k Wh ). of the re# h of th e oper: ii m of Kariha i.ince 

i[ sh,ried generating g the beginning of 
CA 1 he Operation (d . /*roied li Dute. 

1060. The following Table 1 Nummarke, [he 

The Kariha dam wa, finally closed in re·ulls for Ihe fir• pear of operati in 
Decernher. IMR Bv the ni,ddle i,f :959. al TABLE 1 
th: end / [he [49,/59 floi„1 m#. vi 
27 million acre feet af water had heen Nuired Summey 01 Op rat: re, Regglt, h w ¢!w Yeur 

in [he lake, and le later le.. .. reached £,i•led 31 •r /Je. i.ii:bi'i I 96•) 

1475 feel ..,1 ) when it m brought inhi . 
mice :de end of Detemher. 1959 It will 1 Miximi,m :encnli©n eapaelly 
he been Ir„m Figir, 14, [hat [he Like levt] :,1 Karih:, liu·er / tien 2706(In 

then full :Ilghtl> i],11,1 Decemh;r. 1959. when 2 41,4•nium ..In/n sent 01 

from Karibn Power Station the run.,#lf trion' the 217,Mo W.'*ing wion'v:iina Awl? began le he ful[ 1 he fall in lake level was. 1 1_ n,1, pener./ I laribti 
of c•,Lir.e ilile Ii, rvaporati, in cluring the do Pi,wer Slalioi' 1,047 •06080 
M„in. and 10 111: con:pen,liti,m waler i:.hich 4 '11% pirch,4/d fri. erinn 

wa, alk.wcd zo pa., ihrough [he d.im ti. •. |*' 9Lcill= 
maintain a mininilim flow 8/ In,0(]0 cir>ec, 9:!IMhury 4of, 190!(10 
down,1 ream Thi. w.1 In a„ ird:ince vil[Ii Urn m /1 197,1./. 
the igreemen, Miih ilie P,irii,gue./ AL,lhor illy•kn 467*l,ODD 
6 in M.]cambique. During !919-6{) r:# ' Tell,1 1]rms generned and 
a fur her 24 million acre fue[ of water ......._ L896,804./. w.1 

inip{,unda, 81:king a tie / about 51 6, I'll 'old: 
milli,in acre feet The wl capackY of Thc R./PC - - - _ 761.992,000 
reNAL.ir k 110 million Aire feel :11 111 Lilink:i E S. Cerporation 47'. 2.fiOD 

linpresif 9 normal "1000 siorage level of 1590 feet ..L x. 11 Sal].bury Municipalil . 509, !26,000 
m be expecled thai the filling .>f [he lake Southern Rhodesia E.S.C. SIU24,000 
will lake /kilher w or [hree year, ] li,w •ementaI,o• . 0. 
ever. ar the presen, level (December. 19601 7 T.'Al Uni" sold „. .._.„. • .849 111.000 
of 1,513 fuet a 91 i[ 1: powle m oper:,[e g L..*e· an,1 works pnwer {5-7) 
11,2 number 3 and 4 whine, from [he 

47673,f£*} C 5%1 
permaneni int:ikes (invert le,/1 1.460 fue, 

rhe 
a., I ) an ! 1,5 *ihiain :ihoul 90 MW from each energy •en, „1,1 tr, the Kariba Pooer 

Skilion il,irine :he 100 MW vear 1,05 re.ulted 11 41 
gener,ihir. 

•in[, i•f o.al cari• i, mpti,m of abo' 530,000 
After No. 4 generat mr i. in ,:rvice, NID, 1 ton.:6 repremt: :ihoin one thint of the 

and 2 will he iranderred t„ their permanent latal coal hurn, in [herma] pawer •ation, in 

bigh level int:ikes. r,rn,M the rke in the the Federali,M Bearing in mind ihill lhe 
lake 6 ha·. heen .unicieni 1„perniN Iheir en•t of aper:ling the K:irihi Paper 9,athin i, 
uu.factory ••ierai•,n a|.1,3.1 independen[ af ,„.i,tii. il i.obvi,•1]•ly 
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in Ihe intereb af the electricity .upply eharacterktic of generator No I & Kariha. 

indusiry a• a whole 10 •,per:,te the plant at It wi [t he seen [hat /1 a leading current load- 

the highw pi,•.ihle 1/ad friclor Ihir Lhe fir/ ing of 160 MVA the mchine ir appro•ching 
*|ve m,inths of nper:ili,in Ihe Kariha the endition of /If-excir:/ion which could 

generating plan[ load facior wa, 78%. Wheni lead u. exce,Nive voltax on the oenerator 

the Karib, plant is fully in·'alled the station and ,ub,talion equipmem. It m be .hewn 
1<y.id factor may be of the order of 70%. that ihe limiI of ,allage stabilky in the 

ab,ence of a 
Commkda,Ji'W /'Wf. hlph-•peed :luti,matic (iii) Sy wein vimase 

regulaw occur,; when ihe niathine exciiaiion <*ving jo [he nece•Liy fur commencing 
supplic* the Copperbelt area a[ ihe earlic•[ 

6 zero al normal generator voliage With a 

possible daic. ihe Kar:ha·LUNdka.Kinve line• h•h-qpeed w•lage regulator gen, capable 
of excit/ion. however, and asiocia,ed <ubsiahon, were brought providing ne/[ive into 
the limit is e:nended To ensure that in fact her•ice when only R eenerator M amil· 

able at the Kariha Power Sta[ion. Thi. dangerous conditions were not N kely to ari.c. 
a serie• €'f teKtN wer' cArrief| Gut cloring the 

imroduced .ome special prahlems. since ihe 

charging current of ihae tran,mi•Kion line. c.immigioning penod The re.ul[. i,t' Ihee 
re·,ts indicated thal excitation conditi,in, carre,poid, to some 160 MVA. and. // even 

be wilh the m i.hunt reactii, iii circuit might approached during line charging al 

Kitwe. exceed. the generator ra[ing Thi, is orcrarion. and ihat aher some adjustment 
m yerknk fram the viewpoint of the the gencra'or pollage regulalors werecapable 

gener@tor current loading hu, the p,)„ihle of preventing excitati<'n in"'bilib even 

effects „f .elf exciuition ef rhe under thie adverse c.indiii.in• 
gene- 

rati)r has w be borne in nund. Figure Te,1, were als, carried ou, m confirm the 
15 .hews ihe leading current excilalion performance of lhe 330kV #Rehgear and 

10 
:@L 
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li) calibr:itc [h¢ faull I,kill[16, equip["en[ 1 r a North [3/ak P.iwer Stati.xi w]111 .L 

11,„e le.L. 0„ 0]ved fault-[hrowin·# im [he rrobible ..,11.L.i[> / .1&,u[ 9(>O MW. Since 

33okV lines. 1 he opportunit) " :il'i' laken ch# d:im 1, alreadv built and the re•erpir 

by le Federal IR/Ed:ind the Rhodai will me »ih power *lation*. *he co• of 
R,il#.m > measure interference wlilige. Ibe i.eci.1/ st,Lue .if lhe Project wil] be much 
on iheirunmuni,adon circuit·.during fault A per AW :han 'he 01,1 of [he fir,1 xlage: 
wndhion, The reilis of iliese le« hae ah, re lativ: figum being aboul £125 Der AW 
M w been fullv arm}hed fur the fir,[ .[age and about £55 /r kW 

tl•r [he •cuilll *e IL i• fur [hl• rea••.Ii 
E. 1 1Il· Fll'll RE h Ilic Board ha. heen ahle confulenll• 14 

rr,im „ha L h., been *:,id .th,ive. ii i, clar quote a low incremental 1// in the know. 
6 the Kariba ProjecL i. :h) a gixid slart ledge thi/ [he reden,[ion can 10.4 f·.rward 
and that the oblective •if providing Ihe 10 „ 1 ing per,od of pr.,gre,A]vely ful]Ing bulk 
Fed:raii,in with an abund.,/ ;upply / ,upply ew.. Wilh [he „cond <[age there 
Fewer .il a re,1531 ble Lb,1 i. we]I i in the will i.f cou- com re-inforcemen• / the 
way m being achieved. To conclude Ihi. tranwiI, 4.el'i and it i• planned lhal 
paper it In,iy & of in,crest m attenli [, look the single circuit lini to Bulawa,i and m 
b the ful,]re - :t]•1•,ugh Ihi# i• alwayh a Lhe C opperheli .holl].1 he duplicated, thu* 
rather ha/arilous under[,ikine' gre,Lily ineren'ing we·'il> 01 1,9,1, l igure 

After me Lampletion 01 Stage 1 :11 Kliriba 16 sheR ihe [ran.mi„ion xy,1 em a. 
- the in/,11.11 0 pro- nt' the hN I nuchine, 

vided for Stage I i/ ihe Pr, ijeci and f,ir 
in the Lulh R.ink Pi,wer .Stalion -- 1, 6 
**I. th./ Ihe rk·,1 maj ir rn,vi,ion of compari>on the ir:insmi.kin •y•ten' whi,-h 

gencrating /m will be the •enuht /,/of it I planned to provide when Staic 11 i. 

Kririha. A·, al pre•ent planned. Ihi• pl l,vide. fully dive],iped. 

1(criba Stagel Project X/ba Stage 2 Project 
Kit,w K" 

1961 1972 

A- Lu·,f + f Juslk' 

4TKIrlka 

Sinoko \ 1 

Sallsb.ry Malisbur·, 

#* 77 
reton / Nortan 
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A word .hinild he sail here :,4,111 [he role lind f 1/[ar, an.1 18,/t ihe co.1 per A W would 
/ tile c'mi-'re:i geDealing 91:Dicin' inter. be winparable *ith the K.triha Proir, The 
c.innected 'hh Kiriha and mip operated ah .arbil-ion log. *11,1 a coune he leu 
an integr:11 part <4 the *m if I i i.ina th, Karihi-Kitwe lines 19:,pe been 
renimhered ihit ihe obicit of Kariba i, rouied „i [hal the pas. close to the probable 
rlrilril> to pmvide additional capicity [0 h' ma K:.fue power •[ation 
nieet norni.,| gro/111 ,/ limil rather than 1.3 Look nu .till further .,hea.1. the time wi[1 
ili,rlace the 1hernial .lation.. then it will k ei,me when th, hoan·. rrn·,d ti, hitance the 
realked th./ ihek x[.iti,in, will have a IiI¢· Karib.t Pnq¢•[ are fully re-paid lh¢ plan, 
very dmi!:ir [i. Ihat *hich [hev mig/E have „hieh Ihey have pi,vided will. hogever. still 
cipe/1 under :116 0/er I>·dem of d"81'p have m,In• ve.Lr• , f useful lifc and the c- 
11,0,1,/ ihe pi,wer *v/em 111¢y are. in fact. of ele:lricizy pr.,ducii.,n wil] ihen Edi .tili 

111:2]• •• •,intinue ki he kerl in .ervice d furlher 11 ihe other Kide henefil. which the 
the Ehe,r normpl ec,in,imic life. hul Prolect hai created .ire :114· uken inio con- 
like ni./ .•illitim the amouni of u•e which Aderathin, I lie K triba I ake wilh 11, r,/emid J 
W be m:/dof them wil! [end m he reduced far "miq , £ m/.or' an:* 4 'mme"ial fi'h. 
<ncr the yearl d. the, :ire di.placed b> more ing, Ihe pri••iNliln /•* 100 mile• / 
niodern plan[ and re]:01[ed Mr:t ki pe..k additi·nal public road..rhe re•ula[Ion of the 
W and whim:Ely t© 44 i,perai•on River Lm»zi willi ihe re,ut,/1 inipliea- 
There are. himever. two im/,nan[ fail,ir. tlonN fir river ir:in'/ir, and riverine ./rlcul. 
which will e,pecially eifect [he oper:,lion i,t ture, the crealion .if K irih., liwin.hl w][h l[. 
de thermal #icm, con//ed to the Karihi h/spita). s Irfield. 2/hook :md •,Iher :,in enilie, 
grid Fir•[I>, .here will k a period after ilic the Foderarion inal, well fuel .aip:lied with 
rapid insiallation „f Ax machine· 3 Kdriba the •/d <leci·.i•.n taken five >em a i, 
when a con,4,derable •urplu• of generating rruceed wi[h the large.t waler power pn,ject 
c.461/, wHI exAT in the rederal,im Th,4 in Africa and one i# ille Jurgest in the 
Clindlt/,3/ nial //r,/1 fi,r xeveral Ve:/. an,1. W,ir d 
while 1 [ dne, ni,ire ie•Iric ted i.per.iti. [1 01 in ninclu•ion. it muxi be th, thernia] *ati n, i• 1]kel> than wmht empha'i•ed lh,it 

Ihe de.ign £md comiru•non of the Kiriha narnially be ihe cax. However, at phe end 
thernial Pro,ect s a line ·.iation, will ae:,in exan,ple of [he of Ihe period ihe co-eler.,ti•10 

i# pe,iple fron] nx:/9 El,untrie.. Milili of 
9 10 Fick up load and take rheir nermal the An.ince m dihed from Feilen,1 1)|ace |n Ihe wal're'f the eleclricity /#4 r-uree. but much 100 came frum 11 e Mic r. uu,try The ·,connit faclor 6 11:11 1,n- 

nahon il I.ink. .i der.'[i,N• 'if . il fnim the (Tn,1/1 •ecuril. ,•f kin:di•m '[,oplk nut' :ind fron) ather ixiur.eb The require more running „f rhe thermal ill:In[ de.Ign g lie 
work i.f In:n.·h a: well a. Br,12.h than would he necewin Mr the need, i,f the engincer. 
Mos: of ihe plan] w·a, mad: in I ng:aud hu< h>.tern ...hole Th: ..11 pn:ubrk he home conle frin,1 ihe cither c,iuntrle' in citse #here wipplie• inilially will be given Eon'pe. 
The xkille,1 Limtru,Ii,in valf were drin,n Iner Inly a .•inele circuh. from Ilaty, Brimin and „iher F 11, op:in 

The 900 MW i,f additional plant which countrie, and from Sou[hern AW·,3 and ihe 
the second lige of Karil a cir, prowle un.kitted :i,id *Ii- Illed 1,11(,Uj w,14 drawn 
.hould mea the grinth / clectr,c,1, reqi,re. mainli fr"n' ihe Afric: ili pe.ples 2,1 'he 
men[+ In ihe Fedrratian for minv ve:ir, in 5-eder"i,"' 4 ne,whhounny counir,5 
/<ime When :1/h,11,11:,1 poi„ er re,our,er Karib . in f.lct. m mit Lhe Bork of anv 
11,>ed / be devel•.ped [hen [he K:/Lle Pr,3/:1 ene man h,11 Lhe result of dic combined 
nmy d he undertaken Pre•ent indicatiom effin. Lf .2 greal many re<,ple fr,im nul'y 
are 11 3 Ihi. Pr.,ject c.•uld he dev/,ped In land.; under the .& lad:Ahip „f lir 

a £ ap.lilv i,f Jieria[/ I 00) MW al high Dunc.in Amia-1. Chairman of The reder:,1 
lixidl la[i,r or lo a lar•er cap•icity £,1 loiver P.Deer B(ard. 
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S.......y'. 5.[ General. 

Th„ paper dewk> equipnlent •hich hab 5.2 The %,Terviviry Sy,dem 
ken in,ialled in Sa[Libur I hir ' he efie•tive 5.3 Thc Control Snucm 
28 nlrol rif me Di.EnbuLA in Sy.,Lem fron, a 5 4 Add[,001 Equipma 

nin,1 Comill R-,i Twi dimerent iontrol 5 4.1 Indication and Alarm. 
d. dern• are de•cribed One hy•[em. u•ually 
, lied Lhe Direct Wire Sy,ijem. re4uire· 5 4.2. one rire-Figh,ing Equipment. 
or more pilic w Llc* be' *een Che er'nirr 1 /,int 34.3 Renkile OperaInn 
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iunt·ti•in, 'lii]•1 11,e iither •ygen, req,•ire• 
oilly 11 •Cry [in]Ited nuillber "f pih, wireh ili 5.4.5 Warni,hyll•,Ar 

i,rder t, Lurri nut :i [:/ge variel> i)f fl•ffer:fle 5.4.6 Teleph,in/6. 
function• For [Imin, [he term Super- 5 4.7 nuchh, i Al./m. 
-i. '*,I ..im i, 0••ially applie' In 

5.5 Cubiele. 
this paper, u .»leni U•ed far initicaling ·ind 
alar' fill.... i. ca"li I Supe.•.I 5.3.1 C.,IN// R,%,ni 
SE,leni. wl,ile a »tem ized f„r gitching 5.5.2. Sub„,Tion*. 
·ind //inetering fimetion, i. termed • Cen- 6 0"er'i." 'f ilie Supervi"r. Contr'] M ·ble,i, A :ystenl c,inihining all the.e S>4¢111. finalon. i. then denoted by the u,ua[ Irm. 

6.1 General. Supervi'ory Con(rol Smell 
62 Indic.,/,3/ 
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3. App[Icaii.in of the Direct ifire Sy,wni. 8 Opera,ing E.Kperience 
3 1 GUN Aform' 9. Acknow!//men[, 
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33 hanh Fuuk Relays 1. INTRODUCTION 

4 ApPIE' at' in "t 'he Skipervisciry 17"[ri)1 1.1 R".¥1. A. In'Whim S>,iem. 
& 4.1. General many year. :he Sali•hury Muni,ipal 

Flearicity Departrnent b rliaintained a 24 
42 'Ihe C„nim,n 1)1£,gr•m 11.21 '·rvire for .1,2:11'hng 2,1 e, i,1.unier' 

5 Equipment for [be Supervkin (Conlro| ful,Il L:,114. and f r ded[1117 with /,Lributio/, 
•y,lem. /ulage, Thi•,er„ce /perated ellkiently •nd 
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m appree[£,ted by die een:r#1 public But Ilie Innigni«i,11 /4:ti *hown M Figure 
it ha.1 one drawback :ind thia was. rhal the 2 cont/ ,/ a 331.V 1 art,und Re 
faults service h•d e rely ..... .. re>rts per,phery „f· Sall.bury v.hich I. fed Ln .everal 
fron, cin·amer, *11:w .14'ply had failed for place, from [he WV buhars al Power 
information ah,ut out:,ga an the dE[ribu. St:mon No. 3. 31k V line• a],0 go oul beyond 
tion +[em. Thk Jr.,whack cuuld be the ring u,wards[h¢ hi,undaric, of Thc area 
toleroad a. long 9, dic rum her of con•unier, 'f 'upply ami 'on) of 'he.: are intere<in- 
M comparatively gnall and the dktribu[ion nected m form rine feed. There are wb. 
hwe,11 -ple. wi,}th M ihi. Ukl ring which „ep che 

AN Lhe Indertaking gre• larger. h becirne Nupply down iii I Ikv Frim thehe sub- 
apparent [hat me heuer i.yem of notifica. wh I I kv feeden, 51: bi,th outwards and 
t]on of faul-. required In Idditk'n. inwar,i.toward, the•enireof the lown where 
son. maior sub„[al:. *cre ninw In a 4 :irc interconne¢1/ wilh rhe 1 1 kV feed, 
ck».ed ring syqcm. <u•h [hat feeder. could emanating fri,m Pi,wer Sial,•4• No 2. 
be 1„Nt through f..i]11. withiu[ cau,ing an Wherever m:ii,1 feeder, are interconneeted 

inierruption 'f •rly . ... con.Imer a C,in// Suh//ion ha·. been erecied. There 

11 wa lheref„re decided 1.0 convert the are:i[ pre•en[ 17 qubidation. c,intril[[ne h.ilh 
33kV und Ilk\' feed// an Ul hUM•[ion• faull. xervice inlo a fully fledged sy,tem Mridling Jlk\' feedm only eperatiGn cantrol an,1 10 &[all •uton. ic 

super•k,irycquipment In•[[al]> anlyremole Fri,rn ;ill the. C./.I .#.... 1,/al 
indic:,ion and alarm equipment 1 I kl network, are wil fed. mosily on de ring 
in,talled. hut lately lelemeiering and rem,44 +1¢m wilh normally apen /,int, an the far 
/.1/ro] fucilitie• have heen added. end, of the rin# The kai .ter.dmn sub. 

4auon'. app-mately 1.200 in nuniber .irc 
1.2 7/re Nah.,hu,·> St.3/„9. quipped aer ivith ring inuin •w,[clifear or 

are •ilid tce.0114 wilh fused tran,foriner*. 
]n or,ler m under/amillhe reayins for ihe 

ch.i= of the iype of >upervi,lory *cni 1.3 /'64/ 6.Wri. 

in/alled, it niay he helpftil if .„ hart de„rip- All f/ders c,innecling the Comrol Sub- tion of the 111 11,111„/IL'n ;Ind di.tribulian w j to Iher Power Stalion ag well a' all 
9*ent, #er: er.m A de,ailed de„ription inter,innecting lie, he[ween (1'/rol Sub. 
was given b, Mr Linch in the paper pre- Mb, .ire equipped with halanced prolee. xnied m a prevk.u, conventi,in. 1 here i, Lion u.ine pi]/ #m Pil i ,·ah]¢• [heret,>re 
only ime pi,int i' *upply 'h: SANII had ki he iNalled wil all main cables %ince 
Power % tion Th„ /.itiari un,isi of 

the incep[kin / the i.y··1:in lay,4 dei,ribed 
e,•eniial[y twi, p.„Ts Power St.,Ii<in, Nor. 2 111 the /<iub ,/1,•in. over twl:nly yearh and 1 The .upply Im K:iriha i• fed in[,6 a. 
the hu,har, lif linver Stalion No. 3, and 
iherefnre the does forc,igh, it the engineers nii' c'inititu[: Thank, 1, 

a Kepar.te 

slipp] . /int with regard 1, Ihe 1 r.in•mi•,1,0 6 daigne,f Ihe ori•ina| syxiem |avi,111 5,1 
I dem man> yearx ./. all pilot cable• .. . kll 

* pairi. . 1.1/ph')Md tllildkic. r• ine,ir- 
The generator. a! Pnwer 5:alion No. 2 porated 1,1 addi L• t. 11•c pik4 cores, 

feed ink I I kv hu,har,. which ire ·.eclidn- 
alked thniugh a hu,har reactor The feeders 2 CHOICE Or SYSTI M 

eman,ling from diec bu,hars arc lh¢refure 2.1 W·/4 
grOUp:,1 In 1Wl) Il,Ive,, .hich mu.[ rli) he The,c are /ner:illy live functions which 
inter¢<inated 

are required fr,r 'e effective con,rol of £1 
The gencratim 1,wer *m Ni, 1 :ind di.tributi,in .1.lem 1 hevare: 

the /./Nmi,d,n line• frimm k i, rih:, feed inii f ) Irdiclik n 
33kV bu.bar, wh•ch :tre inlerconne:!cd with Ch) Orr.raticn 
the 11 k V hushar, a, Power Stmion NID 2 

Figure l 'hows a 'ingle line diwn, in , if the (c) Telemet:ring 
Power St.twon conneclion. [d) Alarms 
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(c) Teleplkine ,¢ry Knia!1¢onducior .DeN can therefore be 

1-:101 /f the,0 1 une [i /„CLII] be c.irried •all,factority out en,ploved over cin,iderabIe 
by var],u kin•ki.f a,(rol 3.wal#. /Deh di•[ance, The c,induCIOr chosen e 1/ .NO / 

lie Direct Wire %>Mem :ind the Super«ory c{'Pper condu,tor. paper or PVC in,1,]ated 
Cont,4 Swei,i Ilkh are emrloyed in and laid up in pur#, except for Wae, 111 

Sali.hur> Both »slem, 2,·e equally rcliahle :':CM, (lf 15 nlile., where 1/064 capper con 

and the /,ice ./ 1/eni d .4 trai,%rl•i.„.in duet<irs arn /wed 
medium &9 Liny particular lunewan depend, 
en•irel> 11 

lin que.Ii,in. of The Dired Wirp %,iri„. A;3nonl aild feah- 
ihi]11> retated 18 local con/Lion.. Some of Thix ly.le„. i. 1.ed I r Ihree funclion, 
The fae r. which have m be taken imu only: 
ne,lium :ire di.eu„ed in die anicle, li.ted f 0 Ga. Alarm, :it the ..1 i. thi paper 

(b, In,iicati,in ,•f Ripple /antnil 
Ihe chince of 99rnA nude in Sali,bury (c) 1/ie:jion i,f ·Sen,•itik Earth Fault need not therefore he /nerally applicable. Relak. 

and beal condi[inns may require a diffe,ent 
in each The reaxonN fur 62,ing the arriach case Direel Wire 

Swems were: fir,ily [hat [he.e funelion, 
8,&111 9.lein·. u·.e 'clephone-14// ippaniki: ui/d nol eady be =ommodated within the 

in en,11£10,·li,in *i[13 Jnierp.ihing rel:1 4 and Super«0Iy Sy,leni ch:,heri und. sccondlv 
infrumen[ tran,former. Pilot e ihle• wi,h the avallabilil of 1 4ufficient number of 
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Ware airc, in the pilil iabies. It nin> he luch u, those cal,red hy faillty in·.ulators or 
nierill,ined here 1110,1 80 nuinher of c.ire, iIi tr;< br.ilk ht·* il, C|,™e j„„,Ln•11> A Nidue- 

3,411: ,1,1/ able. 1,1,£1 during Ihe la/ few M Willet' m'Ly Mitlially deve],ir 1,10 

»A h/# inercaxed imm the orilinal Iwi, cardi fuull They relay, m Malled lin 

p.. Ii :. I. L.vas 3() Fairs circuit bredker* controlling ]ILV i.verhead 
11[les Me4'uge regi'teA. c'Unting the i,un•her 1.1 4 fie /,per,i'K<:r' Omir,4 Syriem. of w.irnin, i,peration. f.,f 'heic re<.1/ :ire 

Forull requirement, inher,li.,1, th/xemen- in•I,dleil In 11,2 Comr,11 Room. one counter 
tioned m the pre „ils pur og, iph u Super· f, 4 0801 1./. 11 .ullicient pilot e.re.. 1/e 

li•iry (//ril ./.em wa• .·1/ne·,1. n•.1 available. only inc cou Ner f 4 each 'ub- 
Tile melhad adopted fur (hi, S>*m IN talioil R in.talled On the murrence of 

the dist>],ly of a .ob,lition on a wn,moll apeated warningx. ili• l)verhe# line, in 

dizignin, wid UN liper:,•ilin by inean·. of ke» 5[Ur'16.1 are pairolled ard ihe faults reaified 
.lid plih bulk- Al[ lunctii..• are carried bilie Lho> au. an nulage It i• hi,ped th.i 
M wilh a coded i.lenalling »lem m whiL'11 0 11,1,/ di,crihing the bign :ind operation 
a I nin / pul» perrorm, the dection und f ihis relay ma> Ir preemed M 11,1, A,I„- 
'perolion of all devices. .Falk,]i .[ 'Inic future C en„eni. 

liquipment f,ir indleation, Lint) Al,rnix wah 4. Al'1'1 1('A I ION OF ] 111 
d:illed IN :iii! w:' 141(er exiended 1(, iater StIP[ RVISORY CONITRO[.SYSTEM, 
for rer,]01¢ Sw,lel,Ing Und le!/1,1/lering 
facil,Lie• One pair,/ pilot nire' k re/ired 41 Gen ,·Ad. 
far ilidled// and :11.ir/*. L,111 i Nan™1 pair Tle nielhod of dbp|di uid oper.,lion of 
f r „.T/„le .,per:,[lon and tel:maering. * •.*. *cni i. •i,1 1,i •ever:11 
3 APPI.[(·ATION OF TIIF DIRECT dely wd ,[and.tril /'winh. and 9, 

*Ined deparmen ill v In 'im,11[tai# with WIRE SY,STEM. the •iirplier• i'• [he L.•[[Ipl,leni. •t W.1• 

A [ree *l:iliding 11,111/ /i tlie/„i,(i,il R „„ni id ipied be,·ai]. e / :ippear,/ 4. he l]10 inne 
ontaili. „m or itidiallne lanip.. one for »t wk/,0 local „,din The »tem 
ellch :,1.irrn ir ttliticition r Ii'Tner.1!ed hj[ow uid m &*Ed h> the upplien but 

v.iriow, mddiliedium and retinement' were 
3 I Gi:, Atori,•4 wried iul hy the Der.irtinent after il„,alla- 

AUG:„Privre(-·able,areequipped willi li,in The ry,tem M emprehen.Ke. tlexibl 
devim which indicate [he pre.ence of gi and Ver> •im•le· to ./erate In view of the 
leak: The operation of with ., device caus large ee 01 Ihe +1©ni di.,grani. entainilig 
an :,1 rm and ihe lighling up of the .ippro. wer ./ .hs[:Inonx and ...."UN iN(,lat. 
pri.le indicaling lamp. ing Ma ,in /verhcal lina. which miupie, 

11 Rippir Conli,d a c,implete wall in Ilte Cor,trinl R .,ilm. it waq 
ileci,1/ „ keep ihk d„gram hand-drew:pd. 

Al pre/tit. iliree channel, ilf Llie Rlp[>]e A ummion diaer,im in the centre of ille /,n- 
Sv,len, ire u.eil for the .wh:hing 94 water trl)[ desk displ,/ all c•indition• prevailing 
healL·r• which are di•Med i,•to 3 gribup€ A in a Cantrol Slih,1/lion and illumiliat/d 
fur(Iii·r 2 L·lia,1nelb .ire 1,/ fir greet li•liting •ird.nvs on the wing. of the de.k indicate 
•hi,h i> iti,Wed 1/0 2 Broup, 110135 1111,1 whic'I, •uh, M„in i• pre,en,ly didmilayed. 
burn :,11 niglit, „iiI lh,)e which .:re wirched Figure 3 •ha,wh / !h, Ingraph ,/ the Control 4/:/ 1 sm Tridic:[(My liwiq„ shinv whith Ri,1,1, 
id 01 e 5 ch mitek : re ref, in le ·'on 
r.xilion. AN all Ehiatic.04 controlling Ihe 11 kV 

Iran>nii-i n/vork Are interconected. irre- 
13 60,/i imir Reluy.5. Teclive af their giuree of .upply, ie Ihe 

A ni.el ,>pe or very Injuve e:irm fault 1111' he],har·. i.f 11,/ Inwer F.lation or 3 

re w wa, recen[Ty ilevelopil h• the milkhury ;tepdown poi" fr"" the 33kV Artcm. ir 

Electricity Department. in addilion lo it. M deekle,1 ki.eparaic the Superisory 
normal function :A an earth faul, relay. it S»le,n e„ntrolling the llkV :uh„ation•, from 
at- give. warnin, of small leakageg le earth M comroilling Ilie Nkl ,kihquthm€. TH'o 
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Fig. 3· 

entirel, indepen,len, .9.[eni. each wilh a I) Alarm iin the i.perrilion *,f fire-ligh[Ig 
'epal:/ e I '1/inli 'n di 'gran' and 6:parate equ•pi* 
Veration ke„ were [heref,ire ingalled, and {d) indi•Ii<MI „f the position of ,#itchz 
ca•Ii sep·down ."Uin wa·. Mplit in[0 2 whkh make the fire-hghting equip. 
11'7' "IV and an 11 kV 'uh·,lati•in. n•en, inoperative: 

A tot:,1 / 20 channel. are a, ailahle for (03 The operation of eircuil breaksrs. 
e.liti 'Ul».tall"]1 al]Liwilig f,ir rhe indication 11,terk<ked I,ith a warning :ignal: 
of d inaxinium lium>r of N} facilitich and (0 1]uchihol re!5 alarms: fur the e, imrol of u moxinum nf 1 8 facilitie'. 

(g) TelcmelerIng „f """eter and volt- The 40]e in·.ta[Iation cater. for 20 - 

.eter reaili./.: 33kV glh,tali,ins and 40 - IlkV sub- 
dations. but is carable of heing extended. Ch) Tele.Iill?tering Lif hai/ry vollages; 

The falowing facitilies are available for [i) T,·lerl••inet 
ea:11 :uhNtation: 

Al t'!u. C'*/on Diagrum. (a) The indiation of the position of all 
switchg¢ar The 01,1,n ,li•gram consisi .)f 20 pair: 

(b) Alarnis in<licating the triprint „f a & lamps: eah pair cme,ndine t,1 one of 
•wilch: the 20 chanels available. one lamp rhowing 
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Fig. 4. 

•he devtce m:lie"on" position and the i her a zele/one. 1 channel f,ir ihe warn. 
in the "cir' Fisilion. Whet, a /,rl:iy ix ins ./ a wi,ching oper lion. an,1 16 
being give:, cilher or= or the other M the channels for ciriuit breaker. 
2,0 Limp, n u,1 he lit or Where, 6-ever. 
ihe [„[al nim,her of switcher in a xub„:ilion The illuniinaid windim in the win© of 
is E. thar, ihe maxinium allowed for [h: ihe c,inind de,k have ir:aparen[ e,iver• m 
redujidain lamps are autonialically blanked #111,1, are engraved the. m].1/ and ni,niher 
M 11) a„0id confu;i•,Ii of the *u hilatipn,:i .ingle I inediagram .how. 

ing all the .wilche, iii [heir oirrecl .equence The 20 ,hannek him horn .dlicated a. with meir ad label' and kir mirnal 
f.11 *. 

i i.ition. whellie, "m" i.r •'iNT". Thi, is 
In) On the 13kV iy,tem· 2 channel, Air indicated h, oili,ure,1 pegi, mate·hing the 

#irc.fighling Nuipme,•1.4 channels for indicait. r. iin •lie•rlen• dihigrnin whi. h can 
Ruchi»11 alarm, I channel fur lhe earily be changed 
warning rt a iwitchine ciperatien. 031 
13 channel, for .ircuit breaker, A Nei ./ ke/. line for each ,ub.tallon. 14 

th) On le I IkV »slem 2 chailile], fi,r pro,ided whkh ./10 1. the .ub·.lati:in to be 
•re-ligh,ing equip/// 1 ,hannel f.ir c,inrlected 10 [he .airn,™In diagram 
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A turiher ,/ it ke», ime tior vath .wi ch, 00 ng. tripping, te]*metering and teleplione 
Ucet# Ihe parlizilar wilch which i. 1,1 be operati,in# 
oper:ned or l:i:Iner:red. Pu,h hul[/n. and On lor / ihe con[Ii[ di.k are m,i,nied 

key.emna t i the wh,ile equipment initi,te the hiuments for •elemele'Ing There are 

DETAILS OF SUPERVISORY CONTROL PANEL 
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2 amineter. fi,r e:zili **in. Kine .Caled (d) A 1„ny nega(ive /ke of : hout 2/) m 
0.6(M> :in,19 an,I the i.ther 0-1 52, anip, The 9. durati on. 11·,ed for [he check i n, 
600 amr animeier A nornially in circuit. but icalure. 
should le re./Lng he ti., I,18. the olher Ce) A negative cheek /1: of ®rmal 
m i, wzinecied by me.m „f j key. One duration 
volln,eler i, pr vided lo indicate bilsbar v/, 
in 1 lk V Suh,Ullions. one volunerer At the c,incluxm, of 11;i. to ieries of puke. .1 
indicate 41„,ing battery voll. in 31kV =]h //1,1} ,ign.it will he given whlch is rodti,e 
*laii©,1, lind :i flirtlier vallmeter ilidalteN Ihe if ihe Muh,inlion M in 11 he,ilih cal,(lilian 

/31]Jili in wif rhe •uh,i:/i,in iripping batteries. and flegallve if a repeated lrip haA occurrd 
The em•re rq„ence de:cubed :,bAve A 

Con/1,1(.11 al:Ir,11 c ance]1:111<91, :1'91 'nip tes, beine -i from the v,h•,taliOn to[he contral push buttanx A .ell as &'p,• indicating cen" whenever fuull> a dJ*lay iS bein, reque•ted. ,#peratitin ..0,1/]ele the eqU L[„11// AI, Should a devia quch a, a circuit hreaker the commin di„gram Figure• 4.ind 5 /ow which Was d„.efl, trip on a fault, an alarm the layout of the Lontri,I de.k in del.iiI d sound in [he contral ro,im :ind Ille light 
behind the window associated with the 5 par. FQLIPMENT FOR THE ticular ,#,talion .ill start lo flicker 

SIJPFRVISORY CONTROI. SYSTEM Operation of the common alarm i,Mel rush 
hut[on will Glence ihe hooter and aper.11&,n 5.1 62 nind of [he q,hstatian ken to call for & di.play 

There are #un hopardle .el, 4,f elluipine•t will ch:inge the light to a :teady one. 

ins'al/1. one for indic,ilion :uid QI'lrin, Ind Shimlil a circuil breaker or olher device 
ihe cilher f r renut ilieration und tele. Irip or change it·, poRition while a dipla¥ melering The /line ke/ i,„ ilie conimon ir being given. a '"ial"repeated [rip'· diagram .ire. linwever. Bal [u sele' a p. warning wit! he mle, to indicate that the 
tlcular Kibgotion displa> 19 no I,inger correct. A iici di'play 

5.2 7'be Supe,.,1„,i v.t'Irvin will [hemfore have lo he reque// 

As /Irea,ly 17]e/i<i•,e,j. tixic pilir of wires A dir,pl,Y on the commein diagrani i.> left 
1% required for the open.,11„11 of the sy·.tem. in untiliti, cincelled b) hand. 
The maxini•Ii,i .ill,iw,tbl ],••p remAC: 14 C hecking kiiurc, are incorp,ir.tied .,1 
1000 ohm, Thi, line loop is fed from the holh Die xulsialion :ind 21/ Control 11<*im 
30 volt 10 Ah tripping hatiery in,(alled t„ prevent „ divpldy being gner *hi,ull any 
in elih *uhxt,•tion with u led•ly eurrent ,)1 4,lue·lice of pul» be niurittld thraugh any 
18 21 1 A Ailv 11,1/ri up[Liwi of [fic ina iper,ilion D[ the eLIU,pmnin Shoukl 
„eady ¢urrent, •i,cli 'IN ine eau al by a more 161 0/ clibplav key hl„ been 
i M11> C'luipnin[ iii a f.tull in Fie pilol table. i,per /01. 01]e dipl:i• /nlk will he *en. 
uill ailise the alarm hooter in le iontral 
rzon, 1,3 s"u[id. 5.3 The Cri,und 1 1 .upm 

A con•plele .quence or pul•A l.i•A A. in Ihe case nf Ihie .uperviury iv.ten,1. 

appro•irnal¢ly 3 xk.Nhk .ind Myprige the l•[le pair of wirex is rlilired with a 

following elentei• maxin,ux loop re, ixtance ilf [000 ohm,L re<1 
W A 'n:lin•inary neyi,ive puhe: fro„ the control rooin h ilterv 8 i,h a steady 

eurreni ot' l A mA Thix .te:i:# A current Ch) .larting pro negal we [1111•.,I v,46 :le,mn .1 check a the pilon Glhle 
(e) Twil,[y Nignall,% pul», Csth '4 equ@netit 

about 100 m. .e.. clurallan irkl A •oinplete -.pience I 418[•al• "4 
»iced by •imilar iriter'als, whige al'proxim:Ile[> 4 •e,-on' an,1 consi·:ts 'rgam polarilie• depend 'pan the pir,ilion c t 24 pike 9 ," follows 
</ the 20.1/94·% Ir /r in unee. 
circuit breaker No 1 9 •lotl. 1!,e {,0 A prelin,wry 1,03&ve /1!he 
pulse 'Ubene:]livelindif Ii''ll (b) Eigli:, 1 ,:1::I,r /la. Mh .• 

it will he pO.itive ihout 75 m.ic duralion. or .hi,h 
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17 will he 10•allive and „ic, 111¢ Loil ing lin,¢18 /mmeter rei.ilings have 
Mlecting pulse.will he negative ·Ihi [lieret,ire zo be converied into D. C. voll. gi. 
Pition of the =8/1,e pube 1,1 ihe As the ,+uhtlion wel dion kevE are 
trim indic:,le, whid, L;,LU•! bie,ke commaci m hoili (he Super«,iry and ilie 
is to bc scleeLed Control '»tem•, a di•play on the ¢onim<in 

Ce) A volluge pul,e which „ Ilegalive If di.,gra]11 i# Ntveli .rutoinal, dy before any 
the Milb/:wn voltage k 10 1,2 tele- lelemele,Ing or me}Ing operation. The 

metered and powi[Re k riny curan i .uccessful complelion i,f a 8%•itihing opera- 
1,3 be telen„[ered. tion :uionmilicall' cal' i,k .i new displap. 

W) A d.1/,g pulse which ih negaiive if 60 ·1• [0 provide a «u.11 eleck al tte control 

ro••rn 
a circuit bre:iker 14 1„ he clo,2,1 and 

poxitive under all olh¢r cire,911· Che,k fealures m ap.Lin inccrporated 
StaI•CC•. •hi:11 prevent any oper.ition DI [he equip. 

men' thnjugh cilher ni]-oper:'ion ,>f ihe e) A po·.il „/ inlerpoi,ing /1|,¢ 
cquipmen[ or 'he 'iperation ./ more 'lian 

(f, A tripping pulse •h„h is ney:live if „Me ke, Sh„uk] ina].oper:ilit„, 0«·ur, £, blue 
any circuit brek is ti. he •ripped. ind,c:my [aillp ,)]1 I he C,intri,1 Desk wal 
and p'Ritive und•r .trl olher e,reum. Light up In addltion. the selator key for 
Ital'q. ihe :ircu,1 hreaker to be operal:d must be 

(g) A long negative puly 01 about 200 .tepreged with ore hand while Ihe trip or 

ix hec Juration „,ed 1, a .hecking clo/ // hution i. beiny depre·,ed wilh 
fea™Ye. die /her hand, thi„ /:irding //inv /8 

Ihis xequence „f signak is ·,eni froin le acurdental xwitchlng „perati£,n. 
Conlrol to Ihe appn,prial,! Aubila,ion It rieure 6 +how. diagraimm:/ically ihe 
the jub//liwii fur. received thew *ignak Fl,|sing xequences for a ¢oniplce operalion 
correctly :i p,mi,ive che. k pulie 31 ,:/ b:Jck The tinl line *w, the .tipernKory >yitem 
fron, [he subtailon 10 [h: Control. Receipt m,ing a Ji·play which 9. calle,1 for folli,w. 
of th„ check pul• clear, the line loop f,ir ,gig a Irip .,1 irm 11 •11:30 e,rcug hre/k¢r 
1:1:melering. The aper:ui,in of a cir:·uit M. 5 „ipre,1, and .111 0[her• /1,1/ and all 
breaker cannot however be mllial¢(1 unlit ,, re|,ly' LI' t|le ]1••r|11,L| p.'I[LOI. 
warning slia[ h:„ been sen[ over the super- 1 he finirth line •hows Lhe uontral s/icm 
visory .yi.•en' Rele:IL). of the key operaling Warn, 114, hai. heen eiv, 1 haL .ir. U it breaker 
the warning 4/1/ir·, 1/ conirol /-1 No. 5 will beek,ed. 
far Ihe oper.ition i,1 a drellit breaker 

In Ihe ·.ce,inil line Ilie //,iry Nyvil 
Thi. warning fea[,r: which .ound, a 

her in the „4/:/ion h 1 been incor. u,ided in the Nubtilion 
parated in order 11, gll,Al ag,nn= the 

The lifll• line *h,m lh: coi•[,·01 Vitem 
p,dihihip of mainlenance filters. working In 

•i·niling the clining sign,il fur circuil hreilker 
]he ,ubm ilion. Jf i, swil.hing „rer.ition No. 5 an,1 
i.hould not have been cur„/ „11[ wilh n hall ai [he ,.ime [,Ine [eleme•ering [he 

•ircuil "eaker No 5 
a min- of a warning having been gr•:01. 
the line loop is rele:t·,ed :,ud the whole The third line pro- ·.how< aga in 1111: Nuper¥ 4 r> 
eclure has [o he resulried. m/,3 g,vine the: conlrol di.pl 19 and shaw- 

Whenever :i .witching 1/ra[i•in L, i.•rried ing circuu breaker No 3 J,4/ 

O/ '/ .L partic illar cirt:lii[ breaker, IIi¢ The actual sh.,pe of ihe pul.:, can be 
current of k eguit Ls aummaticalh Nle- Keen in l igure 7 whi, h i. th¢ phologr:iph of 
metered. h ix, however, pom/¢ 1/ telemeter an 0/Illogran, laken iluring con,11[•sioning 
an, circuu wiihou: a N,•,1'hing <1/r:Nion test'. 

being arried {„11. 5 4 Ail<litt/" f<qtupi••c,•i. 
All telenklering i, c:irried out with a In additiOn to the supervisory Irintrol 

weak direa eurrem polemial of negalive :quipmen[ which con•;i,[. e„enti,IN of 
p<.larity whicli operate, directly / moving re[,1,5. •elector wihea and other Al unice 
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type mpmem. further .: ppar,2, us i + periodical checkN, if ihe lock·out switch has 

re.luired in all sulsiatiOns to Coon,L[ ihe b/n rcs,ored jo normal. 

upervi.or; equirmitt 16 111¢ mikhe¢,Ir. 
5.4.3 Remole Openninii. 

S.4.; b/ir/,fm ,»1,1 Al/•»1. Inlerix».ing niercu/ Ty,)e r¢la/ arc fitted 

Auxiliary contacts m fined to each ki each circui[ hr/ken These relays are 

/1/„11 bre,ker to indicale whelher h k. connecied to [he clming and iripping Greuit, 
cloal or open A relav I. Imed in Ihe com- on [he •witch m/A liandle. Figure 8 0% 
mon cireim from th, 1, ipping h iner. m [he ';uch a relay without h·, per*x ¢over 

Bilhecir 1,3 iniliate 'he switch inpping 544 idcmeirri'nl 
alarm. 

Interling current and voltage trans. 
5 4.2 + de.Fly*fink Eqmvine,u, formers with rcewfiers are connected to i·or- 

This equipment. i.hich releae carbon 
lioxide on the oper:nian of fusible link'. 
incorporales :, pres,ure swil<h which 
aciuales [he lire alarm in the Gintrol Roont. 
It Ils/, incorpora[.'I £' n'.'nually-operate.1 
lock·ou[ Kwitch which ha• [0 he operale,1 
whenever ihi xubsialion is being eniced for 

milintenanec purpose, io guard ag:In,[ the 
a,·cidcnia] rel:a,c of /,rhon dioxide. The 

pogition of ihis lock-out <witch 1, indicaled 
on ihe comnion diagram m the Nam¢ manner 
a, any .ircuii breaker. The conzrol clincer 
is therefure warned if 111„ ,wich :s being 
operated and can :meri:,in during hi, 

Fig, I 

resp//ing in·.trunient Transformers on the 

mitchgear and lo the .10+ing batteries. 

Figure 9.hi an interrogir,g corren[ trans- 

J. former with i„ /eLifier and diodes for xurge 
prolection ./ the cover removed. 

Tile dage of the tripping hatteriei; 24 
n•eien:.1 .limtly as 11,cy *upply dic st,pcr· 

isory equipmen'. 
5 4.5 1*'au 1/,ie //ri"ier 

This hooter is inst:illed in each Mubst,[ion 

Fig, 8 ind operal:s from ihe iripping baiterieR. 
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5 -16 TrY,p/J(,le.. it. tiickle & ir:er. in:,*pecial hallery room 

A ler¢phime k mii:illed iii all I [kv Ili· plilih coomi,i, al,/ The baliery for ille 

+ition. As .ill .uh/,itiolh 41 3?kv m•hile radi[) equipinerit IN,Ire ID jltows 

•wi:chee:,r al.i oin:.lia Ilk V swi,ehye,ir. i fro" view :ind Figure 11 .1 rear view of 

one le[eph,m k •unicient for both. a '31 the Meel cabinets. 

55.2 SiA ,#Ain. 
511 Ir'id: Aurink 

Ordinar> 2,1:8 rel:m energial from In each slhstalion cher: are 2 wall 

b ilh th,• BLiclm,ili alarn, flont# .ind Iroin Inolinted .hee, 3,2/ 'uhich'.// me.L•uring 
Miliny lemperitiure ind,alor' Illh ma,<i· ]' 4" . 2' 0" x I t" for the lipervisory 

"lint pointen operale the <upervi,ory equipmcat ,Ind one mensurut# 1'-4" x 

al•irm•. 2' 80' x 10'• for :he comrol equip"ent 
Tlien cubicle, coil „n all cquipnkill with 

5 5 Culde.3 tlie exception of ihe inlerp,aing relays and 

511 < i ,/r.4 /4. 1. 

The Mlipmen! nt * contral room 8 

*:illed in two places The .>nimon 

ilmgnin, eqi,irmeni qu•11 a• [amp•. ke)'. 
ru,h bution•. n/ters and hooter are 1, , 

mi,imied M the comro] de.k All other L· 14 
a,u pnlen, wh ah ·itcpper swiccle,. relav·. 

Mher., re,IKia,•ces and terniinal equip- 
ment ,. holl,e,1 in 4 sleel .abinel.. 2 

med,Uring 6' 11" A 4,-8" x 1'-4" and 2 

nie:„uring 4' 0" x 4'-R" 1 1'-3" which 

are Ir:· mtulle:] in a ,pecial room :id/0, 
Lo lie /4/](,1 1 l,ium The hatury required 
for (he cof/rli equipment . h..'ed. wi'h 

/7.4,74 

Fi' . 

inierpo'ing initrumen[ trati'formers 91,1,·11 
are mounla 0,1 the •vitcligear control 

pan/1•. i ieule 12 shinv"· 1hc qui•rilsory 
cubi•le anIFigure 13 lhe con'rot cubiL·le 

A, ihis u/,pmeni is very ,·0]ilp."·t. 1•0 

difficulia wer' experienced i' linding 
TUIT'·Il·Jlt M QM in Hll %LIb.ta'ion%. Figure 
14 low,; the contral r.m in a step·down 
./lition ./. I. .M of lubict. In 

either Ue of the suli·.Inti,n LT. distribution 
board. 

big. 1,· 
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6 OPERATION OF THIL for ihe It kl netw„rk. All equipmeni on 

St ' PI R V H SOR Y CON 1 HOL SYST; M. 11: Con,rol de'k 1% ilier: .ire ,[uplic 11'91 :mil 
1 £ 0%// il•'ady a. 'imul 

6 1 (:File./1 tanemly In order m distineuish the iwo 

A brief dek·rip cquirn,„m., ever¥ ilem 1, carefullY lah,11,1 
liol• of [he / 11/1 opera jion and in ./dmon, all key, for the 33kV neL. 

/ Ihe x.[en, will help [a clarify [he de,7,1 
Mrk 

ted 1 u res il: .cr Iheel i,• prec eding pi ragra phs are coloml yell<,w while ihe key, for 
11/ 11 kl network are h[ack The e/gra•ing 

11 11:is. i be emphmi·,ed 'll'ain :hal there of the Iral,bparenl ,>ul,/8/1 window, 1, ill 
are 1.0 entirely indepe... :9'sien' red for d,e 31kv ,„h•talion. and in hia¢k 
molled, one Mr the 31kV network and on: for ihc 1 IkV suh,ialions. 

The indicating lamps of the common 

Jiaer:im ire coloured green 10 .how oren 
le,/6 .and aniher to show closed devior. 
l'he imlp exceptlons £,re me |:11» which 

il.Ii, ile'lhe open[i[,11 „f the hre fiehling 
eqi'ipn,ent whie], are toloured red and the 

1 4, lamp Indicaling an incoming [elephone /,[[ 
fron, a sub,lation which b hhie Thi. lamp 
k duplicated {in mp of the ilek. 

6.2 5/i#/ miuu 
If ., di.pla, £,f £1 :uh.tal[,in i, required. 

the re.pective ;ulation key which ic 
hil,¢11/ wilh ihe .itih„.IN// number k 
turned downward•. ]t •1•y.4 in Ihi• posilion 
until released by hand. Imna.4 the 
while lamp behind the *„Iian windaw 

jight, up. and after.omplerion 06 8: pulking 
#equenie de lamp. on the common diagrani 
give a diplay of conditir- in the wh 

mon. Returning ihe key 10 1}le noulral 

po./,inn di,connects the sub,/.zion frcini the 
commun diagram. hu[ 1/dve· the light /n 

bel,ind L!,e sub•talion Wln,1,21. Ilirning th, 

L Pig.11 

_[LUI LE Fliliti 
4 4 B. 
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key upw•ird, ed,//i*]1, thi• lighl Thic ,< 64 re*/61"1 
an important fe.iture whi:h w [he explained The operarion of a c./ p,14, huiton on 
In Lhe naxi para.aph ihe [elephone in a sub/:ition will eau„ an 

alarm / the cantrol room in rhe um¢ A, nic,ilicined befi,re. *ul,1 an> device way 
as a 6-tch Irip The display will show the in the substali/n which i, being di,p[:led 

ch:inge it, posi,ion & general repe/,ed trip lamp „Eked 'Telephone·' Iii up. When :L 

di•el:i• hai: been called and Ihe a rin 40„inita which lighi. telerhone up / special while 
1/4 Thi, is .in Initic.,Lian [hai the display key heen deprev;ed. ihe [el¢phone conne- 

lion will he eqiablidied. [f the conlrol room 
on the :,ininkin diagram I no longer correct. wkhe' lo cal] a 'Ub,13[ion. it ix The w/ iltion kev only mihi now & releae] 

nece„ary m depre« the j,nbuilion ke) and 
and depres ed .//in. Bus calling for a new 

di%play. 
1,2 (eleplione key An aildible ,igni[ will 

be given in tlie mbstalion. 

6 1 ./Ii·m• 6.5 1, li /1, re „,4, 
If h: Showl,1.t tircuir hre./er in .initne•er re'ling 01' a pirlicular £, iuhiation 

[rip. or •houM any i,•her devic© •lich as fire- <ircuit k required. [he •ubsualion i, .,elected 

lighting equipmenl or a Buthholz rel iv b> depres#ing t® appropriale Eut,glition 

)penne, the alarm haoter sounds and (he key. Lhe 46 hreaker is [hen xele:led by 
liehl behind lhe windinw of the *Tation ru,hing [he appropria[: mitching key down- 

#ard, where in which [he it remint unii] tripping has occurred Illl ,tarL releaud by 

fladiing Deprewon of millarm cancel] hand Thi. bring. the higher ninge:immeter ,- 
on the con[ro d/k in the circuii. Should tion Fh hutin will •ilence the huoter. 

Depreaion of :he appropriate sub,lation key the reading he 100 |OW, the wonnion 

Will give a display :ind dkert ihe flashing ammeter /knie[er key i, der,re.4 and the 

Minta a w.,dy lighl. A c,impari•.iii i•f 
li,wer range Ammeter x /1/ circuit 

this displa> wi[13 1]ge «ele Ime diagram 1-or v/mter on readin# the procedure / 
ahe whi,ition window will indicate whxh .inlpler The SLIhhtation ix sclocted in the 

device ha, changed i[, po,hion fr.im norm: J. w ,] ,.,y .iri, I depred,in of a wl,inion key 
willgi•eanindici,lion of hil,har voll., Thl, 

It Nomelime. harren> Ihal circuit breaker• facil[19 8:i.Nilable '10[yin Ilki .ub' 1,!on• 
i. t.,i .,/.tions irip simul'in...4. In 

I pre.ni .pres.on 'f :1 seconil con/n'in 
this .as.: iIi¢ fl•hing 14,Jus wil[ appear key mil give :rn indicalion of the closing 
b.hind [he u·Liki<,w, of holh *ubs[/ 16,},h 011: hat•er> v/// Clo/ng h//cries are 

11,wplay will he reque,zed hy depre„ing [he installed only In 13kV u.hxiali„ins The 
Ibsialion kc> and [he light behind a seco•I oper.itinn rf Iwo olher commilr keys will 
sub,lation window. whoxe corre.ponding key /1,1 ihe Iripping haltery volin),Di¢r ilmi 
is not Jepre..1.1. will serve as a rentinder zo ciram of either an 1 lkV or a 111:V sub. 
call for i de.play :11 a later E/ge statioit. 

A fault in the pilr[ c.lble or terminal 6 6 Sit.trhi,/ Operati," 
equipment connected to ihe pilot• of the A described pre•ioux]¥, clo••ng or tri/ 
Aupervistiry equipnkin will sound the ring a :ircuit hreaker require•: selection o 
ordinary alarm hooter. The flashing lighl the wh·.1.[ion, oper/# of ihe mitching 
•ill indkate *hieh •ubstation ix affected, hui key up#,ird, in whic h pilli,in it h.b to he 
no ili.pl.'y will 'ppear on 'h: comnin heht against a irring return. and depre•sion 
di,gram on d,pre,·ion 01' 111/ illh·,lation key of the coinmon cio,e or trip pu,h butt,/ 
The fla•hirig light ah :anni,[ he change,1 It 'hould he .niphasized •hal anv /,1- 
into a w,1.4 light un[1] th¢ fau[t has been 

operation of Ihe equipment. or the accidenil ancod,1 10. 
deproaion / more than anc subst'ion or 

A fault in tlze pilot iable of the contro] iwilchine ke, •imul ine,iu,ly. will re•ult in 

equipolent will light up a reLI lamp lihind non·operal,im ,/ the equipment. 
the *lihi,mon window / well / a common Al prese/. [he only cm„liz hreakar: con· 
rat "line fault·' in,th:.iting lamp necled lo [h: ren-¢ control xvilem :1 re 
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thow in the 33k V *i,b,1.11=,1 Ihe unuil 114. Mo·.1 of [he. ci,inponent, were purch:ned 
breaker·, in Ille I I kV +Ub,/stion, are nat 16*.lily. hut m'e were drawn from ¢11.1 81' 
equipped with ele,trical ,!11„ng Jevice, wih /(,ck• It i. [herefore nol /whle o give 
ilie /xeepti:m uf hoine having :„110 reclosing a reli,/le fi@u,e of the Rital en,1, In,Lirred 
r/11/ The -2 of Ihe conver.ion of all by [lie D¢pirtlnen:, /1/icularly becau,/ 1,0 

muit breaker, Lo elearic.,1 cl{04:l de M check a kepi im [he time reituirid for 

seem warr:ine, gilh /: excepli,Ii i,f :i fuw [he degn work 
whi,h control lies belween Lhe [ik V and 

33kV 9,03,31%. TI,e•: v.ill he equipp¢.1 Wh 7 2 7-4 1 i,vi'ri ,*i i"an,1 S ulrin. 

/kibing solenoil, ec the ne.ir future.ink[ Ihen The equiprien[ for Ihi• »item wils fur- 
connected fi,r remoie control. •Ed hY publk iemler The lawe,1 Inder 

6.1 R,mtine Oper/it>n. wa• accepted which was •ubsuilitmilly lower 

A very inipirlant con„der:Lilon in It„ 112,1,1 'iny ollier. l'Iii equipmenl for [he 

ciuilro] nk.in ilkIL,dilm lhe •]per;lling ,[e•k 
use of a 9,pe••i•ory ron[rol Snien, i• curi,· 

6 £5.400 Thi. hum includex in.Lallanon 
plete reliabilii>, It hi, heen foui•,1 in practice 
b due m the fuel M coniach on all Ch.trge.. 

telepl•,10 £¥pe equipli,en[ are .Scianing. -Ihe ci,1111,1,)11 eqi,irnien[ in•;ille,1 in each 

frequ:,11 „lierallon „t Ihe equipment will pub/:4,11 w:/ [42? per /8//ii,in Ti, Thls 
en.ur¢ that wi'Luit' are .ilwar cle.ir and 9 *, be addil ille co•t of Inlerpa>ing 
Lhal duN or lillier ni.itter doe,+ not settle on rel,v, .mil in. trunment tr.inhfurmer. which 

any mavul, parin. M £77 1,cr arcui[ break:r, 

For & rew>on the pratite lus becii 
111/.Alition cox:, varied between £250 and eitabli,he,1 1„ op:r:/¢ ihe :,illre i>kill LIL 

£150 per Nuh ttion. 
regu[•r int¢rval. 

Al the begnming „f every R haur shift 7 1 Pilof r 'Ne, 
ihe Liperution' Lont oller 'al]' 1',ir :i ilixplay 
of ever> glh·,tatio,1, 1111, checkig 1110 1 he tohilinxialle,1 xy•[em,rimorid vi¢ 

d (i,her 170 mile, af /11,/ cahk af which half the 
pition „f ever> circuit hreaker im 
device If titne pern"21··, teleniei:r re.iding> n•ile:lge c,in•.[qt• of cable having 1 lulrN of 

01 all eurronls :„„1 v<,1 lage. al: alg, lak:[1 1 040" Le]:ph,ine conductor, in ./dilin lo 

it every sliift but il ihiN & :01 11:™sible, 111¢y the pilot enreg. AN meI]honed before. a 

are ti,ken •ince every 24 haur. large qu,intily af thi, cable had been 
A:,Il.1 1 6, a number of year, The .™t 

Sym hing operation• cannin. of cour':, 
/ Ihe t.:8 1:leph'"1: be uirried nut regularly But .4 th¢ 33kV patri wa' 11:vcr liscer· 

1 uned •·p.,r:11,1, bm il c n he :mutned 111/ 
I.le,n 1, al pre,en[ cipernied wi,h open 

it v..„ 11,1 nii,re Ilian th. c:.„t ot ihe c.opper 
ri*, the „pen prirl. can ho ch.,rged Thi 

acd liN,hall.in il :he·,2 .anducior•., is they 
allow' the :,pening .ind clowy "f horne 

tru,„ the space of the w<irming·, narn,1]ly 
<:ir,uit breaker' :i' led'[ LI' every 'u h•.1,1[/in. U•¢t linpilot cable, Thepric/of .u:11/£.Ne 
thu. auriny th: fur,ili•ining .0 each Nub- 

. •ppr i.iniately 1 1 1/ P.r I.(lon full. 
•Lim //lipillen[ The interp,».Ing rclays 
on circuit hiaken con'rolling .pur [ins Appri, niately 20 0,16 or Ii I„t w itc 
are nal oper'[/ excepl 'hen :i'tually 'A,MAIM' cir' 10 (eleplimepaiT• 11:/b inn 

requlled for general ./i/*ng 'per.illon,. 10 .. pilot corel and •om¢ 60 lib con· 

The•e r.1,1, are however of lh: mercury [,in, 20 i,r 10 teler•holle p// The con· 

[ype which I extronnely reliable and i[ is Wor *1/L. in le,e Gible, i. ORen iner/Li./1 
lh¢r©[.ir: felt thut 11,/ .lbNe,•L¢ of .hak 1„ I /64" in 1,rder to red uce Ihe I,Kip 
operaL"' will mot impair th: reliability of re'i,tane: In long runb. 
the equipn•en[ 1* a /11,31¢. 

The ,·iddi,i,•al coir of f/Iher telephi.ne 

7 •'091/ pwir• in a pli cable 11 £4 M £5 per 
7 19, 1 )07,0! WineS¥.bi m 'M if t//0 con,luclor. per 1,000 fuel and 

All Mulpmunt for use with this •whiem £7 per pair of 1 064 conductori. in :id,litioll 
1 de:igned and uin.lrucled depariment- 10 Ihe ci•1 of the 2 p.Lir 11[1,1 cable quoted. 
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H. OP/RATING FXPER[FNCE go'/1 xer.ke i, expected of the control 
The 1)ire/ iln equipmen'. "en• hap been operul 

ing 'Imo• fiiulile••1. for %•eral 1 he [inte >'eur4. requ•red hir le re•t,irali,•n „f 

"pplic' fulk)'ing outage. i•f 'Ii,Irihilion 
lh¢ Supervi.m Mirn,ent b now been luipmenl ha, be/n appreciably .hortene,1, 

in oper/& fi. I. ve,i., but * It' and contro] of ihe tran,mis.ion nelwrk has 
Systen, h:„ 1,/p rece,/4 bre,• i]•Ntalled :inG been imnica.unihly e.tal. 12 1. fell [herefi,re 
is 1101 6..1 ful) oper,il:Arial The following thai ih: 1],Niall:/m i,f Ihe Si•perviwiry 
remarks refer Ilierefure ti, experience gli 

Con[rot Equipmer,( h.i b/n iu.tlfied in 
th¢ Supervi'iry 9, I.m iinl> ever' r.pect, 

Mal.op¢rnlion / the ar,irment in lh< 
Conlnil Ro im i, wi'v rare bul lau/4 9. ACKNOWLE[X,[ MINTA. 

on Juv 

on¢ of [he ..:aion lin,h Ou·lir on the The author 9/he. exprew I thank' 
ave,aye au mon(h. The> ar: de[:coed I *he Cil> Council of Sali,hury for per· 
Juring the 8 h•*irip cheek• find rectified mi,Nion M publish 4 Paper. 10, Ihe Cily 
withill H fe' haur' 1'11:Ne L,uli. il'u:ill, 1 lectrical I·npineer fur hi' eni,uralzemen[ 
require either [lie adiu,un¢al of :1 / Ly ar and advice and to ,/veral of hi, colleaguo 
Ihe ripl:i,ement of a i.undenxer or re·,i•,ance for their /,4,1/nce. FinallY [he 31[hor 
Ceriain modification. which were carried o„ expres*. hi, [hanks to the AM 1 1 .. for 
ako reduced lh, pronm „ of •me rel:i>, having given him :h: appor[Linity 10 1,/Int 
to mal,Idju'ime,11 th•b paper 

Faull· on the pilot cable,; were ii I lirst ID. BIBI.IOGRAPHY 
nlore fr¢qucm. hui a, .ill •cak *pots, •uch 
48 

1 I '•ch bad Some 
AM/2. are gr:„:,1.,11¥eliniinated. the .te'iricii! I:...:....en s in the 

v • ]r, Ared AME LE Gni•nlion 1- 
Jimin,/1 in [reqi,ency v¢ry rapidly. 3 Kidd ind ..Whirler· Operat./.! (on/•I of 

Danmge k. ihstaliix, cquiptnetil ixcurred elerli'Ii'll> 9>Nten. I EE Ji,urn./ 194'. 
...1 

on .. ..»lons ..,1 •. frated to o•er 
' lk' Remiue Onir/1 of Dilrihunon lei- •ollageN induced ii' 1110 pilot LubleN durifig u©rks * al Revi,·w 1959, . 14!, 

the p:m ige of he:* faul( turre,il. lh„.ugh 4 WaLL™ck leglected }1¥dro Ele'/c 
the Orpor hi•!h ten* &. which are Lid il]I 1111,!liC•. 1,1 S A '; A Eleciricat Reu,w 196[. 
vinle irin•h¢, adJ,iccni to ih: pilo[ .able, . I 

Pol.lia type ./2 arre,lor' were f•(led 
10 1.oih /11,1. i)f ever•, pi|i,1 , 01/ u,ed kil 

s.:..>ry equipment ..1 ./.,ir . h./'I 
cur¢d tb. trouble 

No rouline minlen.ince ha. 50 1,ir been 
c.irried ••ul,•ri an', par[ of the ·.liper•n•iry 
inh[:111:mill. as the ver' low milderice u 

ful,]1% d' M I v..irrant it W'kh tile com 

nuxsioning of the C<intni] rquipnzenl which 
conulin> nu•ny n# pari ihan [he Super 
visory EquipmenL I. ./i•i./ n.l 'hai,ye 
Te•ing Nuipn•en, h/. [herefure hee,1 ion 

*trueled which will enable the rouline dieck 
ing of .ub·,latkin cquipment•, [o be carried 
out. h is prop,»ed lo carry out rou,ine 
ch:iks nhinth]> / fir.1, Experience wII 
indicaze wheiher the inier val between / hak, 
w he Ing, h:mil 

In & ner:a[ i, can he gid Thal 111: xuper. 

visory equipment h." giv:il exiellen' 'ervi•e 

and judgint! by· /. perf,irinance. an ¢41.10> 
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The Utilisation of Hydro Electric Power 

in the Union of South Africa 

by 

C.L.R. LAN[JIORD, M.I.E.E., M (S.A.) I.E.I. 

1. ]NTRODUCTION. tion wonkl Nave onumdh> gener:'Line plint, 
hui the con•klerable inerca,e in demand In hi. address al Durban a year ago. your 

Pre•iden[ drew *Mon to 'he e.i,h [x'wer poten- year w™Id htin require addition.11 
tial of N.,tal·. water 5*24. and quoted a uenerating plan: to be hrought into service 
few figum which were.l,flkient 6, stimutale from lime m time It dini,Id be [hecominual 
ifiterel in tlus field He ,iko Kaid "it i aim m keep [lie ci=l of new power 3 low 26 
therefare in ihi, direction ihat 1 feel very powble. Thi·. paper exanmies the water 
careful and wn,prehen•lve inve,[[gallon:· re'in,ree il the .Jmrv to /.e where, and 

'.hould be m.ide during the next few years ·' whellier. e¢onomleal liydro power an I 
Allhough con,ider.thle care ha• heen laken found to help nice[ the increa,ing demand. 
in & preparat,Il l nike I. pretence that 1,1 the p:11. Ihe apprix[.h h.1. been to ki,k 
this puper " .1 'olnprelienive in'eilleallon lin hvdro elatrii *chai capable Of 
IL i•. h vviever. my h*,pe that i[ will lend :4,4'ing rn their own .i™I. v.hike a few of 
weight li> yoi,r Pre•,/in'q remark·.. and gic lie.: mipht he pracikable. ihis study ain„ 
rke to the detail inve,tig./,0,1 ihat are a / finding 14: block, of hydro power th# 
....ary pl.Jit'in ary .. ...... .'dro on,ki he intey,;ite,1 wi,h the explnding 
ele.im Kheme can un,e inio being. therm. 1 boure:s of supplf . 

11 1: irrefulable th:„ tlic hau, u.se of th: One of th: gre,w difulties En dch¢]op- 
water th# /13 m the 1:4 i. 10 Aupport the ing .i h/m eleclric /heme i, to iuslity the 
po/M"n [o pr••li'·e f•*k[ Keither wh¢•e e.irl, ,1:,ee• when Ih: 1.irge and generally it taIN or by irriew,10,0, tomet lhe d„me,lie· - 

:Kpen·,ve civil engineering w•lk 6 ./lucing 
reqi,immen[, of [h¢ pe„pIe. and to fultil the nul, d -i'll proportion of the ti,tal oulp. need,n indurair). Bulwhile th,K i, a.,e/cd. 01 •Ii„h ihe .hein: L, ,/pahle. Thi, i. true 
a con'iderable qua.11[y of water flows into 01 :in i.01£,led hv.]ro ele rk kheme How- 
the w Innual h:„ing c.unnienced its eve', whe,e .1 hydrn ele'trie Installation 14 
ji•urney at o fairly high a[[ilude, and (he int:gr:,ted wi[h a ]/ge existing [hernil 
purpose of thi·. review i, 1, exmne the 4/m. it In:# he /r™,hle :inil w®mic to eirrg> potential of •ime of 0'h Africa'b 21.(ai,1 a high :146* / „[ilisation (/ ihe 
W,,terS. Oll, Objectlie i. iinly lo exiract ihia avallahle energy rrom the waler reeure¢ 
energy (iii the forin of ele tricily) from the right fr„11 tlze Ineepli, in :,f Ihe b.]tenic In 
8ater m ,1. iaurne> fron, the hill. Tilhe /4. A way, the 4.11 i'f hwl"' belopmen, 
leaving the waer „m:,Ire,ted ,/11,1 5/illcapable Mght to da I i [,nip:re 11,3 inif ivourahly with 
of serving ,]le b:„„ ne/6 / the F¢,1/le in the cal „f (hernm] ile,clopment. Wilh ihe 
nial other mk. / ve.I of h >Im cle-tric work*. other herefili 

08"1 ARIC.1 h: ' to-day reaili'! 111: voillit ,Alge 
letrue 3 111: 1-nunirv m [hal a con- 

when ii ha• cevernl dtrable ni.:Ji,r tr.ingini-011 nel- ilegrce of rive regulation and ttood 
work.,fed h, later [her,1 , 1 10*er .1 tlion„ w.,ier con[ri,[ an,[,1 he achieved. making il 
Kupply'lig seve['11 tim. ind inD|ion ullils cheaper :tn] eanicr io implement irfica[Ion 
annu,illp The *chenic, and 

m„nmon *6[enix m u rh in water *U pplicK. 
4.inding *Hly. arlil // day „ ]101 1.[r 2 HISTOillCAL SURVEY. di,lunt when Ihe three m:V grids - Natal, 
Tmma J /2 Cape We,tern - could •on- While a 2,"[ de:,I of inve'lk"in wi 
/,ivatil, beinierc•innecied 'rhe inter.Dime,- Liz ne 4/) ie irs ./c..,i•! pre,ented :14 i paper 
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b, Dr k h. Kan,hack, •cry little publihed South. ihe plateail g bounded hy a 

wark .,11 6/ Arritan hydrineleurie unn,Ni· Ah K.irpmen[ This range. in [he 

gation, ]1:e. appeared ·.ince 11 i• inlere,[Iil 1.:i:ir. runs mughly from North 10 .1,„111. 
m recall that in 1920. Dr. Kanchack gaid. siari,jig <Wt a. ihe / iuip „„berg. then 

41,ing a [apographical map of Souill hecomine [he Draken,herg, OLI.Lthlamba :ind 
Africa, a would expect to find /'wer Skinibergen. 1,1 the wiuth, [he miunt:,in 

powhilities on nli.st of ihe rivers of the ranges becon': folded and run frez e=/ 10 
coa•tal fringe, and within certain vcr> pro. we,1. fin.al turning ni,rthwaril• in ihe „:%.1 
nounced linwiatim. this i, aciually the Th¢ fi>[.led rang¢. compri,e .i series of „cp 
case." In ihe 1>41•1. Ihere were undoubled int:Ind fnim the caa,t ,„er n digante 01 
dinlutie, in [he wa> of hydro developnien, ahou, 3€) mile·;. [he fir.[ slep for the im,/ 
w [he least being rhe fael i h# the po•i ble part being only ahou[ 50 1,11]e• or les, fr,int 

power '/,lion ... were far ..oved from the 4 . 

the then exi.Ing Mail centres Moreover, 1 

baanic eviden, ver, early on thai river f M, The country h„ a number of river systems 
in liuth Africa were extremely erratic and whi.h are .hown in r mur: 1 By far ihe 

m few records had been accumulated /0 largesi poni.in of :he gre ir p] tte 1,1 „ drnme i 
Mhle [he ri,er potentials [0 be appraised. by the Orange River .„tern, of whid, the 

In aditili-, c./ was very cheap To·day, Vaal River i, the niajor Irih„lary. The.: 

ihe picture i mtally ditterent 1 he exi,ling river heiween 11,rm ilrnin arproxim.,tel, 
1rum,nw.sion network• do 1101 require very 2]6.000 Mquar¢ mi]• 3 |arge portion DI 

nilkh extension io reach cerwin of the which unfortunatily Iblexse:i with 

M>una of wille, power. TIle »terns are ex,remek low' averay: r.linfull. The nex[ 

sufficiently large to ah,orb laree biocks of hirges[ rKer ,„En, is the Limpopo which 

eliergy (provided n :4 cheapl and Llik Inakes dral,s about 70.000 Squard mi]¢6 ,/ the 

it e:lier t. 1,1.tify large 'cale river regu[.ilion. interior platcau. a, well a. the norther,1-mo,1 
]30'lly. cial 13 a rela,Lvely expensive oini- tip of ihe Cup]•lent. The rem., ininy ri,;er 

milly to·day campared with fony yari »[ems vinually drain from the eerpme'll 
ago- M the sea, and r:inue .iround ilie coa·.1 

from the A great de il marc inve"i#tion ink' 11'e OlifiniE river on Ihe wi·€ con.1 in 
the Komati iin the •ature rinil potentiallue, / /:11 01,4. our South 

African riers has Iaken place sinee The From :wial•Nis and exten,ion of available 
earlier m,ligalion, The Deparlment of r.infill[ and mer e.lugine ree,)r/. an,1 1 

W lier Alair> ar: crintinually adding [o their detailed vul of ilie lopopraphy. vepel,I 
re,·crd, and allhough. in the main. their cover and other facior'. Mid/!ey }mi d. 
cfhm have been direeled Lomrds pr<)vidi,N .:led gross ..eriige all••ual r./.1Ys 'r the 
9" for irrig,[i,in and orh:in ..,ter varK» rher *[en„. 1, 41„wn ,>11 Table ] 
%upplb. a wea ][h i / in form:nion i. available 
1 5 from rhe hasi< of fur[her invesligalion, The grM wurface runoff· rhown in Table 
inio the power potential. Thi. information. 1 is,ubject 0, cer[.Lin [os« fior whith.,low· 
a, well a, a„real del of ,;chnical assislance. ance mu„ he made There ar: imn.,tural 
hai been made avaliahle by [he Director of Ing, due to //tream u.age. and naturnl 
Water AITam 1•r:•.Idle . waler se¢ping .10 river heds 

Iii 1912, D C. Midely produced a thed, and I, evaporation A large proportion of 
ent'led ··A preliminary surie> cif [he •Lirf'u ihe water whieh ep, inti, the gr,// iloe„ 
wer re.ources of [he Unian of South al time, of low flow. return to Ihe Irear. 
Africa " Th„ work ha·. heen w.ed emn· the gri,und acting like a »,nge The lieurd, 

sively in the produclion / thi, /per khown do nol take IC,Oulll of water u,age. 
Ins,„ and accretion. It ha. been e,linialed 

3. 7,1-NERAI IN)TENT[AL. 6 ihe pre.en[ w:,1 2,21/ k apprininiately 
1 he Union of Soulh Africa k roughly 2 R millinn acre fee: per annum. while the 

470,000 square miles in area, and wn- river hal lo.xes in:arly all in th: arid and 
si•L, of a large plaleau sloping graduallv •emi :arld :1/ i N) walild aninunr to ah,i,1 6 

from 28/ 10 We.1. In the Fas[ and Imillian acre ki 1 hu, the axerage i/1 
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TABLE 1. 

Gr€)%!i 'Verdge 
annual iurfaic 

runoff from 

Region Drainage ARLA IN SULARE MILES net er'alive 

Number Svs[eni Gros' ineffeclive Net area. 

[No run off) (acre·feet) 

100 Limpopo 70.549 7.660 62.889 5,531,520 

200 Komati 11,866 51 11.815 3.264,570 

300 Vaal 75.730 23.115 52,615 4.058.140 

400 Or/9 (excluding Vaall [60.302 44,851 115.451 6.347.710 

500 Olifants 17,993 776 17.217 865.850 

60 C'ape Weizern 11.187 2.499 8.688 57.860 

700 South Western 9 834 2.637 7.197 1,695.060 

800 Brecde 5.987 455 5.532 1.539.850 

900 Gourio 17,546 7! 17.475 544.760 

•00(1 Out,A•q,lus 2,807 15 2.792 549,490 

1 I. Gantoos 13.270 103 13.[67 458.130 

1200 A]Acia 11.0 1.0® 1.000 122.190 

1300 Sundays 8.061 8.061 240,820 

MOO Gre.„ [tuxhmans 2.202 367 1.835 66.990 

11% Great r.h 11.724 910 10,814 541.490 

1600 Amaiola 3.081 3.081 412.480 

I700 Gre., Kci 7.989 7989 988,160 

1800 Transkei 18.ZOI 18.201 7,994.240 

1900 Nlatal 7.127 7.127 3,218300 

2000 Tugela 11.257 1[.257 4,114,070 

2100 Zukulartd 21,078 21.415 6,149,750 

Whole Union (incli,ding 
Totals Us,iland and 4*).791 85.173 405.GIA 48.781,630 

naqui,i/ndl 
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surface runoff of the Union. reaching the relatively limited, la# dile la evaporalion 
sea, i, approximalel, 40 million acre fuel Icas, and perennial riven rl""iful 
per annurn. [his being roughly 8% of the 

m:ige rainfall or ju•t over U inche' Al,hough the rotenlial of the Transkei i·. 

fairly high. there is at ihe ninte/ av¢raged over the whole <urfur. 
ins/mcient load /1 •4811) development of 

This not average runt,TY n referred to a, any major >chem:. IL however. there is 
the mean annu.i] runoff (MAR) an,1 1• the large scale de,clopment of the Bantu Areas. 
ani of ww. dprew¢,1 111 :a fuel, there may well he a C „e far hydm power, 
flowing m the river 4/ten) in an average particularly as the a [[erna Live thermal /,wer 
>:ar. 11 will be tully appre¢ialed Ihal ill would he r:la[ively expensive. Th„ potonlia] 
sonic year. mns[.Icrably le,% flow than the is reviewed Ziler m [he Paper 
MAR is experienced and in wnie year, con. 

In Natal and siderabli Zululand. we have more nearly 
one-Third of ihe Union·, waler re,ources. and 

It but half of the In, in annual roniiff the power poLential i. considerable in ordor 

reaching the w could he utili.ed at a head to keep Ihis paper lo a reasonable length. 
of 400 h. it will provide m•,re [lian 6,000 only 'he more promiing ri•ers in this region 
million unii. i e., ahoui one.[hird I [he have heen examined, thece heing le Tugtla 
total ele:[rical energy u'ed in Lhe Union in anilitic Pong la. 
1959 tlearine in min.1 [hal much of the 
water com. from .il'itude< in excess of 4. UTILISATION OF WATER. 

4.000 fi :,bove €n 1©Ic!. it •hoold he possible (1) Gelieral <luirce//stiox <if S.A. liaers. 
1, fini[ „.nie fite, where large blocks of 
liwdro electric power aN /0006:ally The long·term MAR figum shown in 
fe,isible. Table [ give only abroad picture of the 

river flow. These repre,0,11 total flows in 
An :mlvgis of Table l in /1/ion m the 

an average year. whereas actual discharees 
Inion·,; prew' power requiremen, very during the Year may vary Ln ,onte rivm 
quicklv reql•cl• the Keor¢ of invai•ation•. from nd to a hundred or mare lim :he 

The Limpopo lind Knmali riven flow m/,1] annual discharge. Do/ing +ome year,* 

hirgel) in adjuming lerritori„ and are also actual Inial Now k well below the MAR. 
•ery far from any major load. while during nihers il K con.klerably LI 

execs*. This eharactoristic. which „ more 
T!2 8:11 ind che Orange rlver• are well ac,entua 1/1 in the [ Jnion Ihan in many nlher 

4:mt with mp/1 /0 10:1.1 /entm. and /ountrics. presen[, the problem under]>ing 
carry a lot of wter -intact about one- river regulation. particularly fron' the poini 
fifth of the [ota! runoff of the Union. of view of power generation. For which 'he 

The Vaal Nilh it, 0.[ing belopment ••ter supply mu• he reasonahlv con""L 

and u,age •on•hined wilh the terrain through [brauph,iut the year and from ye ir to y:ar 

which h flows. provi.les nn m,ior hydrn Mide]Ly and other: have Thown th# in order 
el... pomihility. Ihi] 811 11 may he of to achieve reasonably accurate assc•ment'. 

inierest Lo ex:imine ihe emt of units Int q. within £ 109.MAR'i.Shoul,lhehaxed 
could he generalml from :he w.iler flowing 

on ob·/nations over a period / at least 30 

Ihrough Vaaldan, The Orange. however. year·, 

ha• Never.im po,/hilities, wh/h are deal[ wiih 1.ong term record% are also neec·sary 
in Kle'all liter when i[ coniew /0 as,essing the capacity of 

The rem:,ir,ng river *y,tenli drainilig the :,Lorage required In wilhsiand a men 
ehearpm:n, d o not re, Ily „trer much N:Kire drought. For everv river there i, a Iypical 
until (ine reaclie, Ihe Tran,kei and Nal:,1, relationship herween ·.torage and rermiggible 
where one flnd, diat [he faur river gen ,/.11[ned yield: a tyrical iurve for a Kala] 

Ikied. (Tr,n,kel Naial, Tugela amd 7 L]Iu river. in which [he.e variables/re exprased 
land). aceouni for nearly half of [he 10!al 3, peranzages of the MAR k *hown in Fi.u 
Union polential Ali theqz riwer swtems are 2(a). The. 1 wer -rve i. the yiel,1 after 
in aredx wh:re pnhen' w.,ler uuge k allowing for evdpordlion 138 T I ile:,r 
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AG 2 

....... 

WA. 
*20•07 •32AWn •• M,2/•At B 

6 the curve represents a law of diminih. gener illy les' Ihan two :on"emive Tason'. 
ifig returni. This ty™ / flow 6 of ]Imiled - for h,dro 

eleclric 'evelopment and 10 11 1% nece-ary 
CiA A.ueunte",! (4% RAer I'm""1. . re·ort to 3.torage. 

As may be well appree!:Iled, the u:efulne„ Wi[}1 .torn#there are Ihree types of >Leld 
of nalura] Ircam flo# 11 South Afria, that can be i.e. Mered Theqe are 

not regulaled hy 'torage. my eviemely low. (a) inier,iu![ent yield (seasanal 
t,nreylll:,•t•! flo• i.4 in nny ease re4[rieled to regulation). 
perennial gre•ms The /Malne:i weld fron, 

riven i' die (b) unregulated minimum now ,u=tained,ietil. 
experienced during severe drought and & (c) variable ¥ield. 
ligure for Soo,h Africa averages probably <al Wilh Ne/Nonal regulation it is per· 
12,€ [han 794 MAR. Seasonal yietdk, nce,ir nn•sible lo dr:,w off in tile dr> Kenwil the 
4 during Ehe tummel· mdmh% 0%'er Ihe *arr ihan has accumulated in me wet 
greal¢r par• of the I[nion for 70 years out ceaan. On ihi• busix / ha, been calculated 
of 100. have been e,limaled h> Midgley al 6 wilh Forage equivalent to The MAR. it 
about 20% MAR. with failures lasting is po„ible lo u,4 uP to 90% MAR for 70 
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>¢ars out of loo with failurr„.]dum:weed- •)9. 4,4,1 by the linc AB. lf. however, 
ingtwi, con,ecutive >e:m 1 hu,with #lorage only 1€9 01 Ihe Ntorage . 6¢•erved for,u• 

equal to the MAR. 3.asonal re/kilk•11 will Ii,Red flinv, giving a flim, of 269; of the 

give a utilisa,ion of 63%. MAR, i flow of 9094 MAR c.in be taken 

fi„ 32 >cars out of i],r 1{) There „ /on· 

43) //..5„ed yield implie, reg/lall<)11 ", 
*iderably more /,wer above [he line AB 

•U a timform Ilow ihri,ughoui •he year. than ih: shortfall iii ihe 18 ··Ican " ......:id 
A ]:3/,Tive ,/ ilri,Lighl. i)epe,•iliti!' on [he 

the Lilikilion f.i or i. imprO¥/ from 50% 
char,icleri·.11. of lh¢ river. d /Ven 41[•rage. to 67 /:4. 110*/4 er, Er<in, the p.1/1 01' ble• 
apr•se] as a percniage of the MAR. wil[ 

of pro,[ucing /2,[rinity, this Mrni m opera' 
allow a ce,ain firm flow. * exprmed a. 

tion i. n. prlicticable unles• 111* arc 
a percentage 01 /2 MAR, „ illu,irated in 

alternative pawer Nource. lo make up the 
Fig 2(a) An allowaike mu,1 he made fer 6# in the · lean·· veart 1[ mighl be 
evapor:ni.in .ind ihis 6, [he ¢ffeer of n.duc- 

pi>„iblc in px ca,ie• to re,ain ob,olehecni 
ing [he lirni fli'w permi.Liht: frnm & given :hermil plan[ 10 '·firm up·· the hydro power 
gorn/. /1 ind,cated by the lower curve in 

and [hus achieve in'proged w Her ut,li'ation 
F. 28). The arnal oniounl of * /duc- 

tio•i is dependent o: the local rate d Altern iliv/ly, when openiting /1 the ba,i, 

evaporalion and the dmracteristic, of [lie of gstained flow (here #Ill be a co[Mler/ble 
:"Age hasin. a.ount of waier .ed in [he .iny seahon•. 

As previousty mentioned, Fig. 24/) showh Pic"culurl) Juring [110 yearh of high raint•11. 
thal the greater UN? u.,ge prmiled. Ihe while there wi][ be Ge.a,Lona] period.. buL 

'ma]Ier I tk iricnmenia] gain in firm flow. prahably heldom exceeding 3 ycar• in 

und h is. therefore, necm:,ry ta *tudy [h¢ .ucce»ion. whet) there will be LiM: or No 

000 of providing Morage m order to as,ev, MP'Hage Sullie 0,1 thi, excess water Could 

the optimum ya In the eumple be ual h> in,lalling appr,]prwale .dIhional 
Ihe i-traled h> f» 2(al an,1 2(b) the iurhine <apacify whkb wouht permn su» 

1/Ined yield from Morage eqi,;,1 [0 le MAR PR'duction 1/ addld„,111 rower when there 
i. is 50% MAR. eye:,2 Wal¢r £,1 '118 CL).1 merely Gf [h¢ 

pim and pen'to/' Thi. geriernlion would 

ic) V„r[„ble yield i. u „/1#binalion Of vive Ihe filel durge, on :he corre,ponding 
seakinal regulation and su,taine,1 yield. To therm.,1 plani, an,1 alli;w .i lunial reduction 
aclu/ve thi•, . porlion of the 101,11 Image m the amou]11 01 .(andt,y ihormal /1.1/1 /,Li 
8 kept m 1/berve and U,/1 [O prt,VIde a woul,1 0111/rvi,i·.¢ 11/ve to he provided. 
mial,led yield while the h.ilana I. used ab (lu) Sdi 
•I•al storag¢, 

It h frequent], +aid ihal sil[ Is a ni.,Jor 
Again con•ider a tof:i| st,irage :Nurvalent pi.ble,Ii wilen 11 cour' Ii,torage in Si,uth 

to ilie MAR. bul in TIA /,e re.er,¢ 2594 African river# While Ihi% k to a crum 
for gusluined flow :mil le 75% for sea,onil el.tent trile, Ill·. •i pr,Nbler) 111:/ 1„-dav c.an 
fl„/. In theexample of Fig 2(a). Ihe 259 be re.winahly well h,in,[led A gr,/ t deal 
MAR sturage will:ilk,w :/ ,#,ilned flow of & 8,vevigation h.,% tuken pl ice inic, [he s,11 
26% of MAR, while [he Ternaining 75% of bunlen W vanous river, and 4// accurate 
the Morage will give flow of 90% MAR /ft•rint,tinn „ ap £•muble u m ihe volume of 
which will be av:„1:•ble for 65 year, oul of 3, k likely M & ile/„ted under natural con- 
1 00 The fame Ntorage ihus gives:- •lition!.inarc•e•voit 

90% MAR for 65 year•. and men /Migning wrage 'Drk'. an'wanee 
26%, WAR fur 35 year·.. which repreint, mu'l he 111,1'le for the :ice"11'll d (imi.if ,5,11, 

an average i,lilimilion emciency of 67.6,4. alid it k po•,hle 10 /lculale /2 life [hal 
1 ig, 2(b) hus he=, prepared to illu/rale e.,in be expecled fron, a particular reservolr 

the overall gum h> working oil tile |»i. of b.,•in from [he p,161 of view af 41[ing, and 

wmble Yield Thi. ligore lias been plolied pn/On C" be made either for /parut: 
10 ;how [h¢ annual flow civer a 50 year •ill h:,•ri,K or for 'dead" lorage in [he main 

pelod 0, ihe ha- of long M.Ak pr,41/1 hasin When conMidering storage danK for 

as slorage. The sustain/ yield woild he hydro·elearic work»a, diwini from irriga- 
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ti•in work,. *e '·dead" Nlorage mi,• not be t\• Thi, Ox Bi,w' 1•ke Scheliw. 
such a scriou, maier To pri MIL, e power In 1•56, Mr Nli•,181,1 Shand 
one want. holli head .ind valum, Fehru,lry. ./ wae. 
provision d ··dead·· pre,/]iled .torage in.re.„es the a repon [,1 the n.i·,ut,ikin,I (;overn 

head dvailable on the ··live- menl etitilled "A 
•ordge. Sh Repon w lhe Regi(•nal 

c.in therefore be de.111 wilh hirl, Development .f the Water Re'"reeS of re™hly 
in Bibli,]and " 1 fat. adequate ·dead- hi, work de:lit *,111 thlee Maorage woull vcr, 

</ten h¢ 1»Kihle inherent [leve],/Mt' 0,1 m .1 dam d.,y.I' '11: upper Or*. 
River %>.tern. de most u„ra,Live „f wh„h primarily for hydr.1 clectri: purii".:'i #inie 
M the some ··.lead" Ox-Bow I ake ,[.irage K prahahl• Schwine on [he 

an auto 
m:[lic resull of Malibamat,0 River, one of the Inum source establi,hiny [he head and tributaries limiling the drawn.d<,wn of ihe 10 8.it for,i.hich Ora„ge. 
ihe [urhmeN are deri Thi, .:heme :1/ . comi.ts of build,[ly a rock 

it i. 1/.iped that .is .,i,1 con':,vation fill dam acri„ the river ill an altilude Of 
nle,bur¢,4 :ire Lue// mere wil] e•enl,Jah aboul 8,200 feet above sea level. A tuimel 
b¢ a Jecre 14¢ m the ,/11 burden I [he river·.. approx,matel> fulir mile•. 10,47 through le 

Ljough this will aka mull in a reductkin Maluii Mountain. enables the Waler lo be 
m #[er available. dropped /1,3 a Iributary of the Caledon. 

the fiv) 110101,3 River. by wy of which the hi•p.uaa'. Mer. if M id Car other pur/m. would 
In bilih Africa. pall,/ularly In the arid eventually returli to [he Orange River. R> 

areas. e q iporatian h IN an appreciable effect thix meA, the wler froni the (h-low I.:ike 
on the quantity of ••[er avallable film e,)inni.Ind• a head or nedr[>· 2,000 le¢[ and 
wraee. Her¢ too u[:Mve 1,•ve,tigat••in, k able to pri*li,ce a cul,„ der ible am(}unt LE 
Ilave been carrled out 0,/r a number of energy. The Rener/1 lay/ui of ihe ,cheme 
pean, ind inforniation is available en hle is sh.iwn in Fig 3, fron, which it will be 
baiw.factory allowances le be nm]/ when seen 14[ further tunnel gsten• taking the 
calcul:'ing the >ield from wrage. w.lier 0% from lh: Hok)10 River Ihruuph In rec'enl >¢:irs. ihere ham been a grcat ano[her tunae] enables an .idditional Ron fit 
dcal ot reear/h into nie,11• of treating •uer hea•! m he usN. 
surfaces K as to reduce evapor'[ion. Con* 

Since I bideral"Lim, 956. 11've been nhide for ihe iniehtigation, have hee„ use prD· 

of ce¢Jing Wh the cely] alcohol powder. but eollect.un ..r test. in ihe hydrok.gical 
dala in l. [he nion eatchme/ Inive indicuted Lhai ihe• claim, /re/4 „id th, prepara- :in- 
b of a:•urate not he *Miated }lowekr nut' A furilier it b reppi·t i. al 

not 

unreagmable 1.1 hope [liat prc•ent in hand and e. expec•ed <md m 6 to give n1,•re 

/Aurale *h¢s•ments Ne] 1 *ill of the exniually he achieve.1 hpdro /[ectne 

Folemial and =re de[/iled &/ iles of 
5 ORANGE RIVI·R SCII·MIS. m[, Thix rc,•i„, ,/cold be coinpleted 

On the toward, The end of Orange River. Leveril schein:* 1961. 

have been maugated. Three which In addilizin are 10 Ixing the water· tif Ihe 

cin•erned primarily with [he producM ..f Malihama> River. ll has heen poinied oul 
hvdro electric power ir: Ii,11: belog. that h nugh[ he praiticable lo tunnelihrough 
alih,)Ligh several /:,er pcoject> have been the varion. divide, And collect, in:o [he 

•tigge.ted Ox. Bow I ake, „ ikr front Ivera[ oth/r 
(i) Tli: 01·Blow I ike Scheme in ihe rivers. name[> ihe Mate,e. Maigi•kii :in' 

upper r:aches of the river in BEU· Khubclu All thee river4 eventually bin 
.ni: up w become [he Or,inge. At pre*/ni. 

6]1 Tlic V inderktoof Scheme ne.ir however. no re.,1 aman/ 8 po„Ble a. 

11'vixtown. and m how much /,ard water will be available 
(m) TIle Orani/am ne tr the mou,h of fromn rhese other merx. hul the, could con· 

th¢ river ceivabl> double or even treble the 0, Itow 

Th, Reporb puhli,hed on theze /berna to potential. 
dale .ge 411 1 the natur¢ of prellm,nan The preliminar) a,Ae«me.H & 8/ Ox 
4 le·. Row Scheme indicated that Ille Ma],bamdbo 
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VANDERKLDOF SCHEME 
U 

Rwer systin :11<me could preduce aboul Nonhem Ape and A.Of>imng Am„ 

395 x 10" unis of eleciricity per annum. or Regional De,elopmenl A•si,Liallon. 

slighlly te.s eleetricit, 4,110.1 10%) an.1 
At V:inder k loof, which ix roughly 50 nille, some 40 million gallons of domestic water 

up river from H ./lown, li appear·· fearible 
per day. Wi•h the addilion of three river, 

to build a dam 3iD fr 13/Ii. intpoun,[lng il will be appre:,aled [har a laree block of 
.Llme 3 3 ..1// mor'. fe. of water (or 

el/,Iric powei could be nia.le available in 
7 million dere feel of which effeeuve u,e 

the norihern Free Suite. 
„,uld be made of .// 1 5 million morgen 
reet Thi, couIii prodlle about 940 x 10'• 

W 1 he FanderkA..1 Scheme. 
Mits per drlnum and Numelent water to 

Early in 1959. Meri and kic[ ¢1]dI< (Souih gravii' irriga[: 95.000 ni"rgen of land 
Africal. 1]sing an earlier repor[ of Mr mmediately helaw [he dam ithelf. nat m 

Ninham Sl,Und /j, a basis, made a p/· mention 111: v 3.1 po.Lbili[Le' of irrip it,£.n 
[Iminar> inve·tigation //0 the hydro electric further down :he Orange River through ihe 

potential of the Or/le River Ht Vander. regulated flow that will re.ull from the pro· 
kloof this #„ done :,1 the requect of the <lu.,ion of electri·ily 
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Figure 4 shows 111¢ .lualilm ol the Van- ]>Ily heiween ille Drak (Ii,hery in Lhe weit 

derk]00[ Silien": a• al proen[ envix"al. and the Indian Ocean £ 111/ ca/. Ils ba•in. 

(iii) the On•Wed•„i, roughl> wang/:ir in ,hai,e will, 21 •Ii,irt 

liandle ]1,][i]Id, 1/ 1., tlie Iii:]i.In Ocean, i' 
Toward, ihe end of 1959. Dr. He[Iry divi/le jit ' three „wi„11,:int icip. 'graphie 

O]ivior. 1/ the requat (/ Mr D J. Scho]16 
arcus. ,·/c·17 .%/1) :i ty/„:1 1 4„rfice fi ir„] 1[] .,11 

M P for Na„:„11]:Ilanil in, 3Lie.11¢d lh: 

hydru /leark /,lential of the Orange River which i. 1,1/ly lo have a /T,ing influelke lin 

·*11/re / p w.e·, thrnuph a gors, about 80 the develop],ient of it, wate, m,1//e€ Di. 

mile. fr,im il. ni:„][h Thls .[te hil. been regarding [he relatively .mall coa.lat arcil. 

named [te Oranicdam. ihese ane:- 

At 11.3 5:le il ippears /0..ible I. build a 

dam heiween 500 and 510 fee[ high crealing 80 The area above,he 4.5/ fixil ¢<*lur 
a Jesel·kill· of Nom' 110 . 120 mile' In (2"8+ i'river b/) v.hah includc• 
length It hs heen Cd,Cuial th/ llii• ihe th,thill. and ni.,In e«,romenl of 
•i"7"e •o"kl pri/I//2 2,250 x loi uni[. ihe nukenberg. Thr·. 6 lilly and 

per annum 71'>uniaing>uN with Ace p excar,"1:111,. 
WI,ile tliere 4 'rime exhing loail 00 111: 

INNI Min /0/mind 0/Ird.. (b) T lie pred ]>ing between the 4,101) and 
e bulk 01 'he power from thi, Neheme 

.5E und 3,0(X) feei cont•,ur. (molvine 
ould have In be Iran/u/ed I Capx T,•rn 

and the C'ape '&'e.ten, Undertakin,3 01 2 Ili nile,• t•f river bel) with rolling 
Es:"mi """"ry'ide .ind in which Ihe river 

v.111# :Te relativel, /.110, and 
6mwi,£4rv id die Onwee /1,·; /4,fen,Ad 

v.ide. 
Frim th: inve,ligalion. del/ke above. 

v hich u w not Lill thit ha•e ken carried ouL, 
(e} The .,rea lying between [he 3.(JI),) and 

it applihiri lhut the Orange River could / 

Im n"|Ch 1"4 produce the fo][owing 9 feel %*M !13"#Hy power:- 
/ river b/) which w wn br(iken 

Ox·!haw L,ke ./ 1 40 MW insuille. ci.um„„. inter.ected by deer g„rg" 
V+inderkloof NO # 1,•) MW 8/ # hi,he riven :ind *realix 
Oruniedam 33'0 ,: 10 500 MW 

In i],il 'ine [lie•e i' ver> lillie I¢Vel 
TOTAL 3,585 x 1/ 801) M. 

1 m'lly undulating land and Ihc 

rive„ u [e at gre:/ depth. bel„w ihc 

Figure 5 •how. the .bo. three .hemi ·,urr•,unding u,LIntry. 
111 r¢].'Lig>[I tl) e u.ling trant.mi.w'ti [Ieli'.ork j 

together wi,11 po„Ble inierconneclion i<i 
From di• div „1*, 41,1 511,/,1 he 

t28,•COFUL.•'ZJ'••t>'fi','1':1:"Lt'Ziri"l••1..••r in,r .t/cited i pr·w/: ihe king-term regu 

Ihie be•L, aill> a w ill proportilin of the latian. while (c] 51•nuld pri,vide in 1112 main 

prt)/LL. /,own m ihi·. figure could be 1[1 ille head·. 141r [30,#er generalion 
exi,lence b, 1970. 

1-1/Un: 6 sh.. dl.1/amat,la|ty ihe main 
6. TL'GFLA RIVER rikr 17,0,/,. •i,Ile Table bhom Ihe e.•1/11 

01 111¢ ia'hi,:111 're,13 and the 111: in :,linwl 
Gen•W run-off•, 

Tugel.i River »le ni drain' u : itch nie"t 

area of appruxinlately 11200 .quare mile.. An in[:re.[ing compari,Rin belw¢en All: 

Paut cund Turel River »·ten,• is *h<,wn in 

*T. inslallud upcil> has been wirked oul on 

the bas,% of a le,•d faebir af approur,8 e!3 5©W Tahlc 3 
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TABLE 2 

Area in 

sq. miles MA.R. 

Upper Tugela, including Klip River 3.266 1.300,000 acre feet 

Lower Tu/la 750 360.DOG , 

Sunda>, 970 NO.000 

boi 1.150 500,000 

Butfato 3,990 1,200,000 „ 

Bushmans 1.074 500,000 

TOTAL 11.200 4.100.000 acre fit 
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TABLE 3 

Vaal Basin Tugela Basin 

Total area - square miles 75,ODD 11.200 

Mean annual run-Mr - acre feel 4000.000 4.100,000 

Population - all races 3.000,000 552.000 

Pi,pula [ion ,>upplied by urban water undertakings 1.700.000 64.000 

Total cnpacity / 51/rage rervoirs acre feet 1.4(*),(* Neg]@ble 

Area under irrigalion - morgen 60.000 9.400 

1 eng,h of main river bed - miles approx, 650 315 

Total fal] - feel approx. 3.500 10.000 

From this compar,9 11 will readily he The Water Affain Department h/e 
seen ihal there p. considerahle :cope for investigated a number '>f NlOrage SlteS 
development of lh¢ Tu/[a and ihal. iii up,re:iii from Cole-, and at "e of th¢'e, 
particular, it should be possible to produce known a, Goree, it i• pihsible to deden for 
i si/,ificant amount of hydro eleciric a firm flow of 500 clize„ at n reasanahle 
power between Colenso 'Ii,1 the 'ei. cost Wilh addllion 11 wrnee at CO 1/nio 

ilself. assun,ing onl, ihe top 50 feet of a 
As far as rect„d, giv, Mhc Tuge].1 river was resen Dir there to be avail ihle f,ir regnlation. 

W looked into by Mr Hangartner al the il has heer, e,tiniate.1 thal a frea,!> flow .)f 
i,ntig•tion of Dr Kanthack, in whM 1920 about 670 cusec. can te >ugtained· wilh a 
paper Mr Mr Hangariner'x ev ima [e·· were head of 500 feet ihis will pro,luee on], 
published. Aniangst a number of sites listed 196 x 10' kilow:In.hour, per annum. Aker· there were three a[ which head, of belween n,[ively. ihe combined Colen:o and Gorge 410 and 60 feet could be Dhlained Without slornee could he operated on a v:iriable flow involving unreawn,ihle lengths of canal ba,is to yield 400 cuse„ minimum flow and 
ANhuugh existing reenrdN da not reveal the l l 50 cue" for 65 years out of [00. wiih 
exact sites exan,[ned by Mr HAngartner. il i m,ximum dry pen:xi n<,1 exec/ing thrce i. fairly dear from conuour maph that the >=rs On [his haik ihe ener:y .ivailable 600 feet 4:1 niw have heen / below over a 1% year period would /verage 
Colen.o, while Ihere 're evernl places lower 260 I 1/ ALL,Wat, houri• per :Innum For 
down where head, of 400 feet can he 

65 vear< nul of :he hunilwd ihere would 
obtained With The awlance of the Water be 113 x ID kilowalt-hour, per annum 
Affai,s Departnient ihe amelopnient of milahle for the mienk. while ihe minimum 
tinee 'ib has been exatnine' in [he lishz energ, during the 15 ••lean year," wo 
/ pre,ent-day knowledge of rivcr 1 regime• be [20 x 10° kilowalt-hour. per ann and modern dam-building technique•. This Es mipm rh,/ there would have to 

4&/ •landhy plant on the ,mim 10 

P<,UM, De vel„,ine@11 on ihe T „ge.la. make up the *horif:,[i inchic yelirs Cone 
60 MW machine would *uffic¢, The caleu- Sr]-F A 
lation in Section 9 of the paper arc m,ide 

A few d• down·,Iream ot Colen·,0 ihe on ihe hal of the average energy av,itable. 
(11¢ river fulk fairly mpidlY and h appears i e., 260 x i 04 kilowu/-houn per aIllium 
po•sible to coiNruct :, wall approxin•ately This 
M fuet high und. by men of a canal *upply coL,]d easily he fed into the 

:t[ Ci.1¢11•0 
approximalely eighz miles 101/ 10 'al· el•L•ing [ralhmi••ion system 

nund o head of ••ver 500 feet pov,er station. Amming M the hydro 
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plunt WOuld largely be enntribuilng pe,ak rlearly a, ni„e·h energi .is w.i• ..i,pplic,1 h> 
uni. k , <,/r,[ing 0,1 a Lompar:nivrly [D# Escom [0 Lh: whole 01 N,ki] m [958. At 
1,*m fuctor /.ihoul M, the xi•tion wom] [he presen[ r:,[e of er,14[h of power con- 
havc 10 1,£•e ipproxiniately [20 MW A 9/[ion. ihe hydro nsial]11[ions envi•aged 
Flint im.ralled Durin, Ime' of g..d ri.:r- above woukl m/[ Na/:21·s inerea.ing 
16- 11,6 plan, cinild he run .1 a higher knad demand for a period of aboul eight or len 
facior. years 

& supid brmil pri,gr.,mnie <31 
Si·,1 13. devel<,pnznt of [he Tugel, river illu,Ir.ite, 

Site B is situated d fue inite, above dk· an imporiant characi,r/ic of river utilka· 
confluence of [he 1]uilim.inx river The flow tion. This i That hy conimencing regulation 
352 

0•ided h> the 4:nge a[ Si[¢ A and (1)rge work. in ihi upper regions of a r ,„r Ky/em. 
)uld be aut,mented hy coniribuTions from Ihe re/Libile,] flov. ean he u- aer.il linwh 
c Klip River. over in the lower reaches of the rwer M.irc- 

Al Si,e B it wi,uld seem pr.iclicable to <1••• ihe development of the river Potenual 
build a will T 20 Met high. Storage / :an [ake place in .[atte:· keeping in ·acp 

120.(100 aer fect / thr. •ile will give a wilh su•· the grow[Ii of [Ii¢ electrical 'wi and 

1.tined flow or 870 cu•ces M a w Lable flow the den"wil 

of 320 cuge,2 mininium and 1,480 cii·,ee, 

for fil 7. PON 01.A RIVER 
>,Gin out i,f l{10 A canil approx· 

imately 17 mile, long from ihix hile would Nexi 10 [he Tupel.,. [1,e I>oneil, river i, 
camnmnd j heitd of 41{1 feet This •ite with the largest in Natal The river ./. at an 
liD MW / plant would be capatk of pro. alihude of more [han 7.000 fi ahove o 

dueing ?00 A 10•: k•lowatt·liours per 11*. 1.ve]. fulling fairly· r.'lly to an elevation 

&11£ C of 3.ODD ft., 8here iI fli,w• thrnueh the 
middleveld ione. Ilere rhe Aer k contained 

Al thi. Fle priclically the full fli,w if 
in a narrow valle). Shorily .ifier Nine 

the Ii,wela rju 91:m heconk·% 114 „|thle 
3(lined h /3 111•ani river. // ••me 1411 

In Ihi' /dion the grd'lien[ 1,f river i. 
nuile, fron, ihe g,une „f the Pongolai the 

re].Ii,©Ix flat and head would have m he valle' hroaden. 0,11 inli' Twi> rela veli Mle 
're.,t•I h• ilaninung ilp the narrow river 1»in'. ./ .10/ 1.000 I m e.valion 
valley. Whd [ there are .i number of px»ible The & of Iliese has been ual 3, the 
•ite• th:il m¢rit delailtkl inve•tigation. • Pongula (noxrnmen• Irrieation "chenie, 

mular Nlie haN been ,elecle,1 fir Ihe 
FE: ,hile the lower hA now been reqerved a• 

rrij,/ of thi. dercixe At [hk paini i, 
the wor:, ee hal for the Pong/n/,3,( Dani 

)L,Id appe•r fea•ihle to con#.,1 wai] Any development of power on the 
approxi/1//1/ 100 feel high in .i narrow 

Pong,1/ River, /her /:in Ihai which can 

gorge and a tunnel one mile kong wouk] b¢ pr„dueed .,1 ihe Pon/lapoor! Dani. nils 
give .t further 2/ ft. head Wiih the,dorage lake place in ihe upper reache' of th: river 
alread, provided on the river :,1 45 A 

or in 111: middler:ki 7,2 Ba,ic . torage and 11.1.14:ther with regul.•im in ihe upper would have lo be il:velopeil in Ihe 
raa,hes of the Buffala, and upper usine the lop rea•hes of [he riker F.cm and in 111: 
100 feet of [hi, dam, Ll,hou[J he poN.ible narrow vallep, it will he nece,sary 1,1 W l 
to oblain a 'uslained f]D: of / lean 3300 high dam, which would provide enie 
cu.ec. With the I{Kn feet draw·down, [he additional regill:,Im and m/e head It 
mean head Livail hle .it ih„ .ite would he 

might even he 'issible. where the river ful' 
150 feet The site has ./:i /,tentia[ 'f 

rapidly. 1,3 obiain more head by rneans ,)1 
1.ODD x ID' kilowai[ 12/Lir* per annuni, •rom 

canal, or [unne]• The inve,/faikin* of 
an Walled p|.Lat c:,pacily of appraxiniately •fanparmer and Tonne„sen 1, 1920 Ni· 
304 MW 

nmial Ih L ihe Poneol:] could Frodute 
I¢arly 1,800 1,11]lian units per annum and 

6 potenlial ix cerlaintv worlh ,]clailed 

Preliminary Inve·,[ig:ition, indicale ih# inve,[iga[Lon in Lhe lieh[ of mcklern know. 
ihe [bre: Iles are capable of rn,du,ing I/:in,1 *Lm buildine le.hniques 
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8. 1 RANSKFI AREA. Thu•.. ix i. guilt: 9 0, mul Lhe 
I n.ke, ha·. 

The 
rn L•in,Ider Ir:[,hkei £,ble i. Mie power p„te nlial, cen,re ,/ agood deal a large ot mirti,in „r wli,/1 coul.I be inlere' deve]„ped a[ 111: pre>el,1 4/ of South with Africa'• re:.•I/e 

ilevelopm•Ilt. We coriwur,illvel> ar¢ lold •0,]omy ill 
[hal,1 ,mal| i'. the Government', Nlage. Thi• *,irt of devek,/// inle,itH„ b develi.p khe would fi' in parlicularly well with Ihe build 

are:l und. in parikular. M fo•ter the grow,h 
of ing or the indu/l, P„wer. lerr,lor>. anti it . 

111 rea.on,bb up economic hoped 
that /M 

rateq. i. &,me. of power will be 
an •eniial for mikiern il.... 

fully 

and inve,kilgaled wlien 11•e tinle come. 
ils prliict••in i. 'e•e 'omew'it reniate 

art·as will be 3 major problern in be lackled 9 0 05 rs 
1,¢fore an, /:il develop,11:ni „0 kake plee, [i) If GAnd. Thernal /:,1,0.1 are,0 ble .·41,1/er/. Ihcv 
oil] luive ic, be Mial mihili reach „f There J. m ihiubt wh:,1.oever t|,at die 

ad*Me water :4 mil a.e„ The J.ilter fundam/:il faci which /Il finall• deler· 
mily Ile,eM:ue ihe buildin, 01 •pecial 

mine whe,her tai] or not hy,lro cle,·inc power 
way line·. which, come' inin heine ,n %(•lith Africa ti. i.blain U G Ille trUe LOn]- 

pari'on. ihibuld he :Idded ki die I:,plial eoN' que•on of :DEI There :,re •erlain olher 

of .iny Ihermil mh a. p,iwer •lit•tin. All faLion. Ihic the general benefil 10 111/ 

faaors m.idered, it k extremel, unlikel¥ country of riwr reg„]alion and the utilig- 

A pi,wer from [Iker,nal don of 
5,{iurce• in lhe n non.wa*, mt, 1,111 the= an 

Tr:in/, i ,024,1 be prod,•eed RE k•, only ihan help to •wi,ig the balanie if Ltle co,4 

Id of 
per uniz h>dro power compares favourabl> with 

the co.1 of ilierm:,1 
It lias han :41 innated Ihit thi• 18,000 

06 

. bel 

For the crimpae JM),1 wlth hydro electric t ..· mi|e rey/n 1<®s witler [I the Indian pobihilita. A i, prop{'.4/ only to N.1!11'rie 
en a[ a minimum nile of 150 million the pre'.ent coNA 12/ trend'· of collve,1,„inal 

- 
I I 

75 

allon. per da>. Thi, area i. 11,0 
coal·'red /- gel'raling p.. w.loul 

tered m the 1 Inion, having a nin-off of complkating ihe i..ue hy 
ce Ihit of [he V.1.,1 fr,im a calchmen, :011.idermy le. nuclear gener:,bt.Im. This r. 1 a 

an xep:inite 
oic·quarier [he ·.1,¢. H„wcier, a prea, problem an,1 „ne wl,i.h oill al, i deal of work i• i.i,11 required 1,1 oblain ea:niually 

hive t,1 be decided on the ba.8 0/ Sufficientli :tc•urnic inG'Tmizim o form Oic cconomicK. al[huugh the da, nia>· well c„„ ha.as of reliable .tudie·. 1•(ir example. .ill when we will have in Somh Africa a inmon· in this area would he : nia,or problem. •ide »le,11 en,bi klyln• ill] ihree torm, of 
There are already a few hydro develop- Meneration. 
1 in the Tr.Lnske=i, c.g. Ihe lown of 

tiA C,J,¢N 
?CE ]],tata.ob lain• LIN mail r./iremenl• from .11 •bc,t,1,1• •t,1£'rt,Ili,J, 

L Umiata River. There are numer„u, The ma of producing electricity n the 
pah.ibiliti¢% for w:ill power generatm PDwer ,!allon hu•har· ic made up af three 
whemes all over the urea. either „ run-of components Th¢,e arc:- 

river ,:hemer or requiing only moderale 611 [he annual char/, 0, 111/ caril,il 
•loraae inve•led, 

On the Ba,hee Ri,fer. D. C. Midgley has {bl fuel .(Ets • .i] water and xtor. 
e,timated [Lt 1 moife,t amount or r/gulv and 
tlon would give .1 nlininjum flow of 300 Ce) operating and mainlenance cosis 
eu./. and thi, coutil he Uj,/1 to praduce I[ has heen :he :an„ant en.leainur of 15 M W of firm power plannine and yeneraticm engineers [a ir' 10 

The Um,imkulu river .1,0 11/' fiumer· keep down the c.t of producing eleciricit,. 
ouK Apeclacular wn/rfalls 111:. rig bul th: on], 11]can™ :11 [heir di,po•al k 
however hn< a eomparative]> ·Reep gra,lient re.#ng 10 ]4'r 'iwer •[allon' :In•! 
alone LE entire length, 1/d woutil require : iu/Ihines. und highl,r ··le<km 11:,nihi,on:. 
tairly high dam Iii arre·/ 11+ flow Never •hich rexull in a lower Msr per kil„„[in 
iheless. power N.,11.ilians of the order / walted and which give an Impriwed h:.11 
7 MW,hi„11,1 be p„.Ible rate. Ag,inN[ ihiR there are derat f,le,•1rs 
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- higher iniera charges m capital. mi•ion), it woi,M appear thal [he avellige 
increak; m the co,t of coal, and i .reases gener/lori cobt M mude up / the following 
in ihe en,,1 i. labour. The'e Neen' Iii ha. prop•*. -- 

0,11weighe,I the falhne construction coNts 6.0 10:in iharges 17% 
and 11/ iniprinetn•ni in ..ien Ky, .mj tile (,Ipprox,Mii,tely half bring 
Dett reu,11 h:„ 1- i e (ly m in ihc ¢OSI inierest and half redcmp 
per mt Ent out frnm power 'tali,8 in tion and raerve fund© 
South Afric i h i. ex[remelv dimcult to 

(N ..1 C.[4 1R5% 
m when, if ever. there will he a change 
in Ihi, [ren,1 in·.,far £„ [hernial gener:/ion (:) 1 operating and kilai"tenance 14.5% 
conierned. Of Lhe al•,we figureN, more than half. le. 

1-nm] i the figure: publi,hed /1 [he 1 3.99 w:,1 CO. 54 alld operatirig and nianitenanie. 

F.lecirici[y Supp]Y Commis,·i•in Repon ar: 44' Lo ],IflatiOn. ilfier any given 
(a„unmig tha[ five Ix,h, of the 1.1.m and i.lation m built. 

Ber. b hu rges :Ire on acm unt of ge'leraling Figurl: 7(/ illu,trate. whai i. happening 
plain. 1,1/ one.Ki/' 0,1 aceount ot lrun» m the costs of coal delivered ta VariOU·• 
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povier Stillio• in So/1 Africa It is el/r c ost /r unt: *e/ Dul for the combined 
fom /5 thai, :[ preNem. ilicraxes •n Ihe Ce]Ura] 21/ So•illiern Nal' 'Indertakings 
M ./ rall,Me have the gre//.1 hearing on hi ken 1/ken out for the wurs I 955 I 
dhe i idng pric/·4. but even In [he c.azes ot 1959 and [hese m shown In Figure 8 h 

p }wer •tati:* 0,1 the coal field,. there •1 an will he qcen from thi, -ne [hal. allhon•gh 
upward [enden:) in al] the curve. [he upward ir,/ nwy con,inue for ,omc 

[inic, ihere appear, 1,1 h¢ a decrease Ln [he In recent wan, inform:nion ha bean r•te of rk published in Ille Annil:,1 F.com r¢porth, 
fron, which it i. pos,ihle in *terive total From the publi.h/1 infi,r/:/ilin, Table 4 
g¢.cration la•t. per unii ·old or •enl out Iliowl le generalion .... p•r unil Kent o /1 
frum varini' rower kiati,li' The pencration for varinu, I·.am Underlakings in 1959 

TABLE 4 
Generation Cost - 19s9 

Total unia 
Undertaking •ent * co•t (bli l.it 

X 106 £ %10 pence 

Natal (Cen,ral & Southern) 1,931 5.331 0.663 

rip¢ Wegern .0 3.663 0.956 

R:und & Irs ll.157 17.466 ..386 
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R Cli.it .4 #Irdn. Griend,=in. pu [ 11 6. 111:refure. in,P•rl.lit tliut & liydru 
ejeciric units are to le ,heap. lIe greaL:,1 

These mm are niatic uP of 111¢ 11!me Po!.Mble w.e Imell he m:ide St the p,ile,]liul 
:Em/inenth I (liernial "MI' :,aept [Ihi[ right from th: 'tari Of ihe.e fi•t• only 
there /re no fuel charge. ind n„„h redu:ed ID - 15:44 'tre "bject 1,) infla Ii"IN .'nce [he 
uperating and mainten.mul coND (ireater /heike 1, con,trucid Hydro p,iwer ·.1:,boir, 
<a/1,11 cosl, are invoked in conin„non at have a omparatively long Ide over which 
hwdru ,!atirn' dit /le. aNnuAl,1 'tor the capital charge. are wn,lanl. |n d u,n 
whih lerid, to 0114et [ho h.lvine in fuel On dilion of ri.ing costi, .rn,1 dev:,1 liation of 
the other hand. the main :1·.,.en of .2 hilro nuincy. a lon, p¢rk/ of con,;ian[ eharty. 
power Malion have longer live, [han thernial hui. the effect of „aking the enerny relaiively 
plant and lon'quenil Y the h.,den of me niore valuable in Lhe laier ;ears. 
annuil red:mplion 5 Imened 

Ikpendent "yely on /: rate •4 'ip! 1,11:re,1 C.ogrof Oraifee Riier Scheim.•. 
and the redenipn,in period.. Ihe ye],eralion 
./.of a h.lro ]n Seclion 5. brief de,/Iption, of ihree unit .an be .plit i./ ihe hydro e]:cirie „h:me. on ihe Orange River folio,%ing pr,1/irt m 

•vere gi,en In [he preliminary inve·litta· Cipital charge, 90% - 859 tion, of ih:.e #,henies. e/v. wore e,limal¢d. 
Opern[Ing and mal//1 although il inirit hil en•ph.i•ked Ih.il Ihe•,5 

ance Lharge, log - 150 cE[im.u: had w be made of nec¢N[v on 

Ax hoih of ihe.{3 ci.I .ire vir[,ally .on- very broad :is,umpli,a 11 m.,y k of 
MHWer or no[ [he power and energy inlered. 4%/r, w compare the,e ci,•t• 
the plan, 1, ile•;i/,e,[ f ir i. actuill> Pi O d [h¢ 19# cid i,f [he atert,king, into 
duced. the co,[ per unil •ent „01 v trie. a. which Ihe v:iriou, rn,ject, mighz *upply 
[he Mii. of #le•igned out•,ut (O 41/lual (,Ul· power Thex¢ m shown in Table 5, 

r ABLE 5 

C'unip:iriwn / 1,1/0 and derinal in• 

Ifulm :·hcme I'/4, Unli /11*Cr IL,1,|' ur riul G,•1 .Iling 
.IPP|led lic fed le,·rier.31 ,1/ con,ranent pric•/unit 

On' 

x·Bow luke 0.345d. Nati I 0.663 0.315 0.821 

0/0 anderkh*,1 0.47/39 Cape Northern 0386. {).liM., 1.1509 

ran yed:in) 0.46 Cape W:.[ern 0.956 0.33.1 1.21 t 7 

' 1111% Dr« i' foi L. I ind ind ..1 4 t Id.-Th,kirl w!11,h ./. Ii'/ lh. ' .1,/c /,1,/rn 'Illn.,kill 
Ibe Vand•rk>Di>f 014% howuer ind.I· Irdnin:i:i,ell .ind 'kruu.0 sh-Id be con. i] w. I.· 
.-·-gl· Illing prin·e in 'he Gre Norih¢rn Und. kin' 

Allhough Ihe ligi•n™ diown h, Table 5 In NI:Uwh 0,1 the lugela river We havc ule 
Mt he treated widi :,Lime re•,erk, dier: 4een 11„. in I959. me N per unit 
tc¢rnmty :ippuri. 50 be :n.m for delailed gener/led in Naw] m .66141 and the trend 
invehtigation inla th/e pol/e 40/// & indlealed /111 funher ncreas¢*. 7/14 trend 
power. niay be arresled (or even eversed slighily) 

when 1,182/ne pow•r •tati"n come' into i¥• EO>)lf)1?•iE x •,i 1>,·re!,i•i•,(e{It <,1 1 •iwek! 
P.,444, oper,nion in 1963.64. if i[ is /frinied [h.I 

Ily,Ir„ /,wer coul,1 he .old at a /1.iximum 
In Sect,4,11 fi, an inillcal,un was givcn of eval of 06%1 per unil, the revenue •ihlain 

Ihe paNdble power ihal might be devel«di /4 fn,in each +cheme can be {Jerk·e,! .ind. 
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in th: baxis Iliat the Carital c.h,irge, :ind maximunt amouni id upital which could 

rlinnily Lo,r. **.Ild he not niore thi„ 715 = he im"' m 1,/m ela/' wort.• on Itie 
0[ (11¢ c.pil,11 ,+pent, we can Auniate tht: river 1'11:.e fieure: :ir: ser £,u[ in l'able 6 

TABLF 6 

Annual Annual A,ii,u.,1 

1Ji,ill Re••nue Un,/ st• whieh ceill• 
Available IL,1 /7 * I' .... 

be 'pent 111•L|) 

Llienie A (Coicng) 260 x 10 254 x to'i £688.000 £9 :5 I 10 

Sch:me B *Bushman. Itiver) 300 x 10• 2. / 10 £790,000 £10.5 x 10' 

Schenr C (1 -1 Tulehal 10(?0 + 10 975 ,/ 106 £2,640.000 05 ' 10 

Sehenie A require, 12,) MW .)f plant - river can be built for i" mar¢ than £18 
w li ki „f 20 MW //. I k re:i,onable million whieh /.iuld /.„1( in M,lving che 
to a,bume [hal 111: ele:[rical and mechanical M I of gener:,[hili. If I. I. i. •till 
equipind in 'h: NU'ion will co•• approx, iuiNg,enll, far upk[ream. a 6 nat r,Iu•nce•v· 
#Wly £1.92 A 10'i. while 01/ [r•n•m•shion :114e that other fill wuld be m.ide Be of. 
required m •,10 na[ this /.aion R, 111/ exi, t. eilher h nican, cJ[ tunnel or canal deviu· 
Ing i,ytitem / Coleg,·i• 1, c·.tinla[ed lo //St tlon··, again makiny ue of th¢ water / ven 
£240.*) Thi. le/* :¢pprixima•eli £70 x low c<>51 It •i. zheret<,re. qudie p<.Nvhle xhut. 
]0 to he ,/1„on the civil eng,neer:ng having done '110,1 of lile regUL,lion 
¥,ork'. up,Ire/m. 11,4. .ke. an khe h.Ar reaches ./ 

11 1» been c/imal¢d lhal The co• of the the ruge]4 could prr/uke poKer al a u.1 

Gor# Dan, 4 he £2.8 x 1(Pr and [ha[ of „ineder,ah).v 16- 11,4,1 ihe· pre.eni iherm:,1 
a ,(,0 f I high dam below Colen'.0 22.5 x 10 . station,. ind po™bly al • co.[ comparahle 
/t i. "Lary '„ ad,1 /0 'h" tigure' an d.@ •taium UN .g,e of Jug•Nane. bu,J! B 

mi" 10 Aer le canal. Fenst'kk'. tur' a coalfield 
cha[Ae, 4 pow/r lim./, whkh liave been E"11 *1111 i i)J]ierie' unmed!21:11 .Jijp'·0,1/ 
d.tinuted [0 w.1 El 5 x 10 Thus. rhe 10 Ic power g ilioll ./ i,ulpUL ,% Vel> 
[cital , „11 w,1. Iii* he appi,Ainuic|y muth deper, le,11 m .1 lurge 1/him forie. 
£6 8 2 10·;, .hi,h Ine.in, Ihal the firk .Wgi and Ilie coal Ii<If N a W.L.(Illw aNM31 Nellher 
</ Ilie 7\igela I. v'kiplieri' appeart .i be 'if '19:8: (w•, tlisailv:,1,111./5 'ire pre.eal ],] 

M„hle ./ ., lower •os• than the 1959 [h¢ ca / of a h>dn, ,]cark power.[ation. 
aver.,ge (herni·"*9*g // in Nal·d I. COMRINI D (>14 RA [ INOE- 

64 - ablained i regulated flow of MI)140 AN[, rHI RMAI PLAN-I 
730 <u,¢cx 61 .m a![aude of 2,100 fee£ ahivi 
w level. con,iderahe fur[her m can be (i} Gen,·ru/ 
nude „f thi. a·· it fkiwK ti. 111/ / 1 Allh„ugh Fri,in 'ine pomi <,1 4,21 '1?: ip NA ')1 

[he /'Nible dle at lh,z Rudimun·· .onfluence a h>•ro power 42,1,0,1 i. .,Ir,ider/lv I: 
6 M been examined. it i, 11:hek ed di.l[ ,<implicat/j rh.,n kh./ of a ilieni:,1 ,I,/ „n. 
the l<)1:11 811 wi,rk, hce would Int ex,eed In the la[/r iliere are hoder wim their 
the co* 6•r •e C<Wei- jns[all.'ion. The. r,Nuircnienlt '4 oke·up 4.:Ler :ind coul ur 

wk, 4 for[lier i[k/,INe the water avail· *11. arld Iligh .peed turbme. will, thir 
able and i< 9, nol uitredhOn/hle 11·.1 , accei«irk, und c.)/hi Wok·r A; Wi/ 
theme m..king R zif the full flow of [he il¢,1. of pl"t '1'ike 'h 41:irling Lip :knd 
river below (he confluend of me Bu/alo Ebulling di>wn of Nleam Ii,rbine• .• ,<•nl. 

I I'.r ler,%L and 'Nelip..n over 5(1 >cari ./. t,4 . /per.ili•in ....,Inien"./. 
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pardively leng,hly Froce„. Ihdro turbine. the u,¢ of flood ler which %061.1 otb:r· 
NE oil (he other hand ar: clependenE merely on w k sptled a h additional energy 

the opening :ind /,„,ig of valvei. and can be produced £,1 cer,din dn,ex. saving fuel 
a'Ii,iligh nor qul[: a·, simple as turning on 81' 'in [h: thermal w Luins. 
a // it / :1 good de' "Te /0 'un·up or 
A-down a walier turbine lh,Ii a elilli ( ii) /'i<•i ii,·u• Orii'rufA,i'. 
turbine. €}n Ille other hand ihe proper Figur: 9 hil xhow. a t>pictil annu:il load/ 
operation of a larger re,Nervoir or •eriA * 

duralion ¢urvc rervoh nee,10 careful studY and represcnling a xy,.lem ha·,Ing eonst:im 
an annual 101/ factor of about 504. 

review. 
11 thi, load ha, to he niet by thernial 

This feature ,/ gremier flexibility in a day plan' alane. machind will, so fur a' 

to. da, i,/rnlion i·. [he ha./ re/+11 why ]1 possible. be brought m operalion &equen. 
can he :,duntageou. 1,1 have both typeh of ually in .,scending order of :hcir fuel cos[ 

rl.in, on i, i,xem. 11 nicans thal the h,]ro per kilow,[t hour sen, out. Thms generally 
rhint m in general be used [0 nect Ihe r=[14 m the oldest and leari economical 
peak requiren,/11, of [he dail, load curve, machine, running on peak laail only. 
•hile the thernial pl:al Lan rip/19 [he 

It i, 0/1 po„ible however zo achic,e lh¢ 
geady Ni,e [i).id Thi, hirm f operation. iheorelical 
wing the co„, af bringing up and banking oplinium u,e of plani in pracl/: 

f. clor, such as reducal ovallahilitv of ba.e- of h/iler·., plus [he 11///v of having W plant lack of flexibility N thermal therina l /•chine' riminng for "ime time 
peak load planL tranin'ission limitation. 

heft•re the>' ure :,clutill• le([l,ired. coukl well 
and operating diBiliia (such as the 

rai,11 in •,11 improveni¢nt of the operating tendeno [0 efficiency. run up 1. peak-loail plani 
•ooner Lh.in i• nece•x•ry, or even completely 

In Soulli Africa, Iha •ea•onal variation of unlice:•arily, re.ult in [lie [ed ellicient 
1he riven. k wh than *orn,le pr ,!™mtial *lati„n, Mimeraling more iIian their theo· 
for [he pr,kIL,aion of electric power. Thi. retic:Uly de,Irable qui, i, und Ihe mole 

nle 1. thal it wll[ alw:,4, he practical to elliel:11[ .lation·, g:ner ing le·D: rig 9 (a) 
ron a inmpar lively 1 ir# .iniount of plant h i,N ,„/riniposed /1 it (he bltxk, of energ> 
fur a short time. drawing [he :iv.lilable #lier:lied hy /Terent plan„ grouped in 
9.,ter off al ., 111:h rate fir thi, tinic. and der of fuel c,Mts per kik,wal[.hour 11 

u,ing Ihe res, of 0,/ d.iiI) Cor weekl>) Cycle 0/l. h .Hi be ge/n qi,lic zle irly how the 
for rerlen:*hing [he ,[cirage I arlier in thi, le. ellicient niachines being run to 111«1 

paper I have sle„cil £11: unli.al[(111 (,f ilic ih¢ upper 40% / the demand produe¢ eon- 
[otal energy 0//1 of the w.ic, re-rce. 4,lerably more energy than the Iheore[LI 
bul thix output arn be u=1 3 a high rate .iminnum 
i,ver .1 /ort time simply hy installing n)ore 

Conditer Flani anil larger pen.locks By B die gme Mail/duration „inning 
hydro plani a[ i low load ra.tor (man, of curve wilh <i porti.in of 'he energy available 

frrn' hy,lri, urlirce, Assume thal the totil 
:he 5¢(illi,h Ilydrn [1.1/rti •lation. run al a 

hydro energy availahle iN a relativeli small Ii,ad faitor of 20% or [e•), the capili,[ co' 
i,er kilow./E available carl be can,i/rhly propirlinn of ihe 101:il system requimmen'. 

a• 
reduced. woil,11.0 Ihe ca• with alnWht any hydri, 

deve[opment in 4/ Afric:, This mean, 

When ihe pre exiging *!em k pre· [hal ilie ing:lled eMpari,v i,f Ill¢ liydro 
/iminanily thermal, it will „suall v he p]:ilit coll].1 he <letermined in.1/pendently <,t 
preferable. for ihe reax,ins staled .ihme. to the W The hydro gallon could he huili 

develop xuch w.licr penver 3, can economic- A a ha.: Trid plant, apernling ./ an mual 

aljy he ju•ified in compari•on wi•h [herm:il W f u.lor of 100'4. or the lotal hlock of 

power wirh the greal:.t Inskilled capacity, energy Muld occum any ro,ition on Ihe 

2.e.. ihe lowext firm 10:/ factor which [h¢ 10„.1 curve. 1®m.,tely nind ng enlirely a, 

ry,ren can accep[ in coniundion wilh Ihe peak Irad plant. Iliree po,<ible positions 
more or le>; fixed aniourn of elier/ Thi, we diown in Fig. 0 00, each / Ihe lial:hed 

large installed 'aracity will aka permil of ar' 1, repre enting an equ.,1 quantily of 
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enery, Position ·A· represents ba.e 1,1./ brough[ ink, servi,te {and iken out) nkire 

plant operating al 10094 load tuilor unil ellkien[Iy 'han •elim plant •hich r.uIts 
h,iving a 10,21 /,1/lai :apacily of ·X k.]10- In i, closer approach LO [he theoretical 

Wati Posilion ·B repremi pl:uti i)peral- <ipunium plan[ operation over the portion 
Ingatil load factoroi 50%, i.c.. tlie Inslalled of the „irve +Orpl,ed by hydro plant This 

capatil> now being k. while Pomion C mean, ihal u gre:11¢r proporlion of the. intat 
repre,ea plint „permting / a kiad 1,1/tor energy re,iliirem¢]11 8 left m he ,#plied by 
(11 about 10%,ie. an installed eap:Kit} of the ninre el.·ient of dic thermal plani. 
tox. resu 1[ing in grealer overal a'i¢ncy and a 

reill,ctum of ./cni./. 
It might posibly be found from a 

delailed 4 Ludy 01 the system condition, and 11 muit be emphai.ed thai Ihere .'re 

the wil / the hydro plant. thal i[ appe ir, Inally la,lors which determine the optimum 
ad,untage,LIN to :uprly the upper enerpy inregration of hydrn and thermal pilot 0,1 

requiremen[, from hydro sources. Thi: a comnion »[em. The basic con<ideralion 

zinimably eould result In plant utili,[Lon mu.L. in most case<, he co/1. influenced to 
a. 1]lugraide in Fig 9 (c) Owing [0 11% a greater i,r le:ser degree b> 113¢ phy„cal 
greater flexibilily. 11„ hydro plant can be arrangem¢nts of [h¢ 73[en], 0/ratilig LOI]· 
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ditions :ind Ihe linail 'harillerii.lics lh¢ And My. wir /Im, unlike :011, i. 

4 01 h,dro Power depend, [und.„lieillally not a wasting iw. i, I. being conwn,]> 
upon dih>zie,il lail,ir, I,rography. ge.|(,g> leple,]i•lied year After,ear in.i never ending 
and hydrnlogy which ;Ln? noL 4,]h]*i zo energy ckle 
human ulntrn[ It I!., [herefore, not p,yghle 
In deler/,ine (he co·>t of hydro power from AC·KN<)WLEDGME.NTS 
/„el:,1 experae 01· wh:Li he heon 

0•,06 elq:where, #2 $ COS[ depend, I .houk! 1,ke to expres. my lhank. w 

up, n the exterl lo which Lle ,:te favoun /ver.11 of my colle.,gue, in Mori .111,1 
for their valued a„i,tance :/d w m,[Ll-' expl,Mult,Lin Iri ihe ] 1.t aiwh 1/.ell,in p . 

il may be gid thal th: maximuni per- Mr. /1.1111 Shandi 1 r . helpful advk 

mi•ible 4,/ hhiri• power is determined 
1 ,ini .1140 par 8/ar|y indehted to ihe 

by the co•[ 01•rrd' cing ¢4uivalin[ pi,wer Direct'ir of Irrigili'in arli[ 3.everal member. 
fron' sonie %. e.ind I i. mil af hi. 41./ for a grea, deal of hydrologial 
ii,Leri"n which /N E]elern,inc (]•e pri•[ical and gall#:,1 inform:nion. and 1: Profe.or 
level of h,dro developnwni. 13. C. M„!gley wh i h:i, pallentld ""red a 

humble elecirler,] engineer [trough the 

11 CONCI USIONS. :1:/inury channel> of hydro[I'gy. 

The igh/.1 01 this paper h b been to 
1111,Ii{,graphy 

end¢avm 1,1 show ;hat waler :„ 1, 40„me 

of eleciric,[y /,3/,1 I given wrioux con- W.uer Po•wr in the Union of *ul,Wr r.1 

lider lion in South Africa. TheN Ir. F El:.Illci ,/c 

und,•ihie,Il, re•ources iha[ m worth> of riindaniencil E•non1i¢. in H•dro Fle,Ir•L 
C M Roher' 

ripini,in af the nulhor. probable ihi[ a H./././ Pouer ....ic. in ..... 

ierl.,in .immin, i,f hydro newer will he Afr,=n Dr D F Ki,L i 

f.un•! Ii. he wnomielly beneficial 1.3 the A Prel minar¥ Survev of [he ..LI· W. I 

pre•ent ele•tri•ity •upply Remur¢/9 af the 1 ni.•n M ' llh ...L 
I C lilli,la 

Apart fron, ih, how economic faclor „t 
The Oran. Riwr a Prellrner ir> •line> 

cheaper elatri.ity. lh:re :ire :Diher ben©!11. NInhan. !.h:in,1 
to Ilie e „nrn„„il, :„.i whol¢ •hi,h i[ i. :r, 

*pment i. thu Orlng• Ri•er 
wel] in uin·.ider }ly,[rn pin¥er in Sou,Il Nor(hern (// Wl|er R•'LirL• 
Africa mean. reglitailion of river Il,iw• :Ind 

le,wt In the lt:gkinal [leve• 'pi'W I Fle 

cn,Kervalion of waer. Th #.as ever>une Water Itescure= of B,%,Ihill.[1 
knim" i ime af the ina r need' of our N. lin,. !.lin,i' 

coil/ry. and ime iii ahll, deve]Opinint ]S H dro Ele,lri¢ Ingil=ring r.i·[i• Edned I 

alwa» harligr,ing on account of •[pil:,1 1 .. ric Brewn 

require.ment' Production af electric IN,wer Prohlon. i f Ihdro-Electric Des]/ in Mixed 

M pi,wthly provide 0 101 i't [he capilal 'ninl·.* .te:Irl: •lell'I 

namilry for repulazilin and ihereby 
•he:.pen irrig:.Ihin work, and con•crvation Ii.ge' Bisill · Interim Iheper• h. the 1.m. 1,1 

* 11 P]aniling Cornm .hli•n f•ir ihe N.:il 
01 wiler fur il,inlestle and inittlstri I Pri#incilil Admine.(rul,irl .LIKI the Kalur,il 
purri>'e.. IR,•,4,rce. 1..pm,ni Ci,uncil 
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The Application of "Audio-frequency" 
Remote Control on an Electricity Supply 

Undertaking's Distribution Network 
By 

1 K. VON Alll FTEN. RE·.. B.Se (Fng). 
IOWN I LI CTR]CAI ['NCINEFR 

SASOI BURG 

1. INTRODUCTION whili i. l„ he found „3 prac[•cally every 
Rm hon,e tian) and which ace/uni for 

I ver .iTice the gleve],ipment of Lhe town- ,/,/ . mwiderah[: am „,/ of ihe I)[al 
ship of S:„0111,1 in 1952 [he I:irge increase electric energ) wmni/1 upon dome+M 
in the cast of *tribution equipment over premiNes. In [he =se 01 havilburg H win 
ment yeL# ha, */1 the pniblern of keeping exull„hed #h:,1 appral:imately 339; 01· the 
ine ,ap,1.0 1,ve•unlem •ithin rea:,>nahk w/ load uken durine reak pened, IMI 
p oporlial„ to the energy handled,.0 iII# ice „,rlied tur bi domestic water he,lers .0 
elearkity co/1 he 62/]led / an economic th,u the control of ihese eould /11/refore 1/W 
I ri' m volhlmier. in th" new 'iwn '11:ti 10' all"nlial rolilition in the peak 
•,14 i, he assoL,died with the. 1 Ini•in'·. fir•1 demanl on /11/ <11<trihi,[ion 4,/em, 

Oil from Coal proiect /unhermor¢, a. it 1,1 addlion [ wa. re;ilked [h:I variou, 
W Men deuded :„ e,linli,h an al[-cle- 0/ber applicalirts ext= alan from th: 
tric Lowinh/, me 1,1/.tion of reducing [he humm of keeping the load down which 
peak *i/ .i„ 111/ eleirical 91//R//ion could he perfarnied i,ith tlik e401Pment. a 
*).1/i,1 an :„ci,unt oil the presenlila> high typical c\:imple of which is th¢ /niole 
maximum demand ch.irge, IN,1 td he /„1- Lonlrol of :[reellighting in•tallalioni with Ihe 
Nidered. id/"/2 of conii,ler:/: 5,/* f,1 L.ihle 

CO•t' It wax. ther:fore, re. lial 11 n ",Ine ne,ing 
„[ ¢,Mitrolling the lind on Ilie ilirlribulion A [horough #(uil¥ " dian ni•le of 
>•le,11 which wotild cnible the reduct•on the varinu. nnelhod. av ilable lo conlrol the 

& ry,Rcm peak, willioun deere z sing [he load on :, diurihi,lion vviem and audio- 
rev, ue e „ning energy sale, wouk[ 21/ id f requen a remote control cgilipment " 4 
Mnienke lu: Sub»uent magation; even'ually inir:/need lairdK 'he middle of 
*MI ih:11 such :i method ./ winy<11 June. 1959.11 4 ni'w. be /: tihiecl of 6 
litid in fuel beeli iii e•crice tor Minic .·(in- paper lo yi,e :in account ,>f [he ,ariru' 
biderable ilille. whi,11 „ con,monly km,wn:ls f Ni n ghich lcd 10 the choic of [lie par· 
1(,ad ar ripple can.ral. Thi, 'inim] 1, Ircular mient employed and ilie general 
achieved b, injecting NignaL, in,n a ditribu- encet load shedding has had upon the dr 
lion nelwork which can then te alhorte,1 by tribut„on s>*lem 1. w¢11 a. The con.um¢r In 
*1211 4en.wive relays in•'|le*| lIP m [he addition. uperaling experience :11/ 4ome 
con•unicr,· premix/*, which will earn' out other .ipplic.,1,••n> of #he remote con,rol 
any required mitching ,•per,ition by briefly „,em nia> he of intereM. 
di*·cilinee,Ing ihose circuith which Colild be 
c.inlrolled during 'he peak periodk 2. RI MOTE CONTROL SY!•rl'M, 

IN GIN/RAL 
A con.uming device which /0,1 readily 

len: 1. 11,:If m being mnlrig ted lit [h k m.inner Refore h wai decided to install a remote 
1% Und,ium/dly /1/ donicklic w: lei ]10,ler conir,11 ,[1*l. ll,il hin, inve•ligalions establi,hed 



that variow. melhads of loid contrn! are in 4 A,]dia-frequency „gn 11 irn:,cni,oion 

"*nce m 1./, tiul i h.,1 cenaiti e.,enual throuuh [he diuribution mi 6 

requin!.xen[• had LO he fulfilled before such 
n ,>lem coul,1 le juxufie,[ under presem day A[th:ruph mulliple lariff mel:ring 1.1 not in 

Londition·. peneral u• in Sollth Afrie•1, [hey |1LVe 

enJ'•yed great popularily in Furo/. A, a 

(2 .I) Ri,quhammi of 6, Rink,te C<,ilinq mcan, of reducil reak load.• hogever. the 
m[:m auffer. from inflexibility and il. 

reliance upon c:eh individual c.....r 
Briefb 111.¢ requirements Lm Lhe follow. se:kine hir own e,·onomic advaniage / :111 

ing··-- linies ()n the D[her hand il does appear 
1. The 9,1:m niuM[ pos,ess a multiplic® tha[ ihe 'Mihility exists i'f lizing mulliple 

of con[rol •hannek m allow iIi: con· tariff kiering in conjunetiM #ith a remote 

trol <,f a number of urious toni/ming con,rol »/ni wherehy ihe energy c»uned 
device·. and Diher equip/ken[. hv the /inle/ic x10 i# heater dorine any 

2 peak perim] an be metered The seran/el>. sy*m maL have dicieni range Whe[her [his woul,1 liave [he .anic effeel :1, 
to ex lend jo the go,/:lphiea] linii„ of 

el be ihe Che wih dired control sceni 
the distrihi,ion netw,irk. 

irnl,Lely .8 Ilie ¢'Irn ahl of :i douh|e tariff 
3 The sy,:1:ni mus, he in•en,itive In meter ]1:8 to be 1 ik,in inlo acci[,01 By thi 4 

extrancous interfereni¢ and neiwork me:inK. however, 1 lexibililk of the , w liching 
di•turhance. progrin,me :,Mi[.1 be :,chi:ved iii :i mulliple 

4. The "M •hould not inierfere wilh lar' metering *ilen'. [i wolld have been 

other Ervie„ wh as lelephone. radio '>f in['re.1 to inve'[igal¢ [his pOSK]1·ill ty 
and [elevidon. ihir inipo,e any limil ,- fur:her bul Linforiur).ilely ihi, mean,; or eon- 

tions on [he n:inipulation / the power [rnlling the loail has noi yet been tried A 

./.rn in praeue. 

5. Th¢ 6/,em should be flexible: m Mher 
Time swilchas ha/ giver vcr> long and wo rd K. shou W nol he i ied down „5 a 

Falued service in le UNk of reducing Ixak fixit programme. loads but lime switche, withour il./kwork 
6 And. linal]>, [he moiinipart.int 4/ec[ me:haniw are vulnerable 10 / breakdown, 

of all. the total anniial •oil of Ihe in twiwer quprly. wherea, [ime ,#itche, W/h 
remole Lontrol inst:il.ilion must he clockwark n•eehaniw. Ihough reliable, are 

M!1 inrclati,into[henionetar, val,]e e•penu In .1.1.Illion Iheycationlv operate 
of [he peak 10:/1 and e.ip [al inve,1 :o a fixed pr,Wramnie and through wine 
men[' "ed thereby. ch.innel si, Th:il m:tintenance and adju,Lment 

he ..her 1[ w.·: theret're. inip,irtant 
c./,iri i,me 5.wi!/I'lill [en, I, 

.i '·Inipart 
ihese basic nhuiremeni. with high, the v riou. 

conlcol »tea which are in w.: al pre:en[ A pil€,1 w,re ne 'wri'rk fi'I the c(intri,1 of 
in order to eN,ah],41 #hich xy*m wouk] pe,k load# e.in harilly he given Ihought 
pro•e [o he the be,t fi,r *h: duly railired in 10< y a. il, r '141 9' infl: Ling and mili' 
Sa,01 hure talning wh a 41 ms, he ge.igraphicalty 

// 9. ¢Xte,Eive ah [h: di•trihition n¢lwork 
(2.2I V.nf.11, ..16.6 of AId C... and would impose :11 inulperah]: chst:,cle 

There for nin.[ 're a number of leni whith have Rlectrlcit, Siipply AuthOrilieN. 

been. m .ire ,„ ux li redu,/ pellk lt,Llhand The tran,]11,£„011 / M + g, 116 1hri,ilgh 
thexe inclukle ihe following: the nei,Iral of the low vall:lge network which 

1. h# been used eaen•ively ha€ the Reriou, 
Mu][Iple [ariff '11:tering 

disadvamp of being lini,ted lo one signal 
2. Time Awlch cantrnl. channel :ind Ihit a ereal number Df in].x[i,in 
3. D.('. Sign:[1 traninission Ihrough the poirits muiv be provi,led. IJalix an iddi- 

low vo]14 nelwark. lion<,1 „lperimpo,ed entrol network ix pro' 
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Fided Lhi' #p,lern arn iko only work 10 1 A rlilic;Li cleparture fr" the fo,oing 
M=! p, ugunnme principle„ howe•er. M the :morim of the 

.eled'ir principle' lhe inos' ,igniticant of 
Turning linal]> l•, the pri,While 01 audio· Flah i le Imp" inierval" •'IM in 

trequency injectin,1 11 wa·. oh/„/1 Th:/ I 
which ' "L," Inipl|1,2 LUL,beS the limh.inical 

can Ineel 411 Ihe requiremeni menti€,fil.d Jector in :he relav a) start r.wating. To 
ahove. WILE' proper [larn the provis/n mitch an die Itiads in i],e Var:.1114 .hannet. 
01 a mulliplic,ly or nin'rol channels is ca'y. 

funher impuk. are ir:amited :1 depime the m,Ii i fre,lut·ri.v imptke,· can be dran•- inT:rv.it, after [he /:Ir[ impul e. the le,gth 
wted to all pil/, in lh: 11*ork lo be 0/ th: imerval de/rn,ining which channel i. 
COntrolled. die energy .11 the conlrol signal 1,1 bc wilched ON in :.,ch ,»e. which meant 
w be kept well hek)w the ]©vei llabl¢ 10 

thal :i n•i]Itiplkit> of coi,trol ch,innek could 
Uu.U .,11 ference m telephone, radle and be allowed for. 
le|opi.„n equipmeni The,ystem cim funher 
1,· rendered pr:i,titall> in••n/[ne 1„ exier/MI 11 w.is 'licrefore de' ided [0 i 1141/11 ·a l,dio. 

*w/ imerterence where.ixihe flaibill frequency" remole omtrol equirn.. in 

0| 1 he //0/1 i, undi·//d. which th/"Sel/[or prine,ple·· was ad/pled. 
2, i[ proved jo he the hal for ihe dily 

(1.1 //*/m/«,nce R.·imite (INA,2 roquired in S,·1•014urg und 11,0 k" likely 
to eaus: inconven,ence to the consumen. 

Briclly the pr,•i•iple of uperati.in of rl,dic- 
frequency inje/,m I ./ follows. £14• 8,al( 1 ca:ure•<41 ··A/'<i.•i•<ium>" 

1 he LeniTa]/ d remole contri' i *:1||alion Rentine ('<mia! IN'/ 
cinnp„-3 4,lion equ•pn•en[ la•aled :LI 

wmie uniral m,ini, Iii, function of /„h i, 11 wa, in lere,[ing Ii. iwile 11,/t i unsider ib|: 

to inject aillil-frequency impubc; through (lifferences e,19% among man•]faclure. 01 

U coupling circuit into the iIi,tribution net remote: contrnl ,»tena, regard:/11 111: pre- 

9:,rk Flwhe sip],13 are men transmilled furred frequencies of signal in»lion, 
through the p.wi JIN[r,btili„. Nwrk 10 Whereas M *in on[Inental arid I K 

the 'Udil'.fre/Lilt> bendli': Iet:Ms en' 01 '11¢8 Llie trend $ Iowa« the lower 

#11,11 1, c „ineeted hemin th, 220 volt frequenele<. general opinion «me.1 W 

plli.· .i,/ Aair:,1 of :ach .ircul, to b# favour ihe fullowlng> IN· 

In,Iled <>[1 511: 1.urner.· p,·enia. AN an 1. High inie:lion fre,i,Jencie, prefer.,hly 
eL[mmll]011 01 1|le Llitie ren, »le[Uh I L "an 750 'in<I 1,00 c.p 4 

:.:1.·freq./.> re/1 'cont..1 willindic/le. 2 Par.111: I miectiur, al the· 11:,in h„.:ir,5. 

1"an> diIi¢rent print irk j ex i.1. ih: earlic,1 3 Inicclion :,1 !13: interniediato vi"l 
<>1' t.ile 

whicli w.8 ilic mul'ple fre'ucic> 1>1(911 
level. 

1,1 which over) dillerent con„„:ind i:.h/her 

ON i,r OFF, W•I. ll||OC.lied 10 / clittere ] 4. [DecentraliNation of trai„milte„ when 
freque•ic¥ :ind deteeted bv .i ·ierie' of n¢c¢.ary. 

trequeney >:111.11/ve el":Iits in '111 rece'wig 5 The 94 [hal kinote con tro[ in,1.ill.i- 
relap,<. AN lic nunit•r of se,}„laje d inn.[4 Lir-, being :1 .uhsidiary irl/'11..... 
£,v,LihibJe WA hilll':c| by ihe few frequencie• nii,· 1 ,2 de··igiled . oper.11. '* 
Whigh c uld he lr:in•millal williOU[ 111L1'Ud lacioril> irre•rcctive 01 :rn> wilihing 

or inizi-connee king ,)/r:,[i,in, [hai 

tull[1. l' ou[ i,f /,ivour ni,1,1 t.,ke Fl.ic: i i the nelwi,rk 
1 hz choice of frequ.ne m .ty var, biwecn 

tlequency carrier. modulated w,[h :I number vir, wide limits 1. 1111 Ir.rn.mksi:.6 
al varium low frequencies. Aftw·r ilie .haracteriA of 0 11/tuirk an v.iry and 

dele Li,r .lage [hese ,mil up,in a numbir <if experience '.1 , ,hown th,it H n oplimum 
tr¢qi,en'y ....ilive .leme.'' in .ach re|;A [red,CE'> u'la[|> exinta for iny given I 1 

bul hir mich:inical red.on,. ih. minbe·r .#f wk Clible' .ind pai.v tacior .orrection 

dii'erent 01,1]mek whiell will be Lintrnt]:,1 c,inil¢n·ob rerre•ent h'•uni connce·ted capaci- 
in this 8// 14 wry limited 1,•e inip'JaliEN ai i.li04rcquene• •0 illat 
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if Their capacity i, I;irge /110,6,11 thew pl,uill level al Ihere E Illa 11.011. one iranNforni:i- 
c•)anceted c(imponen:·, c./rt KIr.,In 11*ety a lion from he r HT to the HT level :ind the 

large propor-n . the au'lia-frequci•y tran,forincr imp€dance k Jower al Lhe kiwer 

energy and dier:hy dioudy re,luce th: frequencies Thk all me:* then that 2 

kien.11 /0]13 Le. On the otlier liand ay 'in [.irier f ALI niore powerful :,1/11 c 'ren'ive 
ihe impedance of overhemil hne• and tr,il» *Ii.,11'ler hai lo h¢ in=]led 
forng·. riseN In proportion In Ihe conind Th¢ deuree of cenlr./.ation will depend 
fr™uency wlii·b ine.:ra 111,•t %,gul alle,lud- upon Ilie nalur,1 growili /4 the neli;:,rk and 

40 [he provision $ diti,)nal high pould be gre„ter ./ 1112 hieher ircqu,3,„11.4 voj ige sterd•wn Iralistormer Miltions 1% 
thana[[he lower.Mie, e/dy pre,1,•tdble, le extr, high volt,•ge •il» 

The fact :hit the prr,*ilion ilarneter· %lation ih [1•,]all' ••nly increa•ell in Ki/2. 
istle, ot , 112[work are beller at [he lower which makes Ihe problen, of ext i high 
frequine,eN than / ihe higher orteN, i, h,iw- vollaye injeclian more compliwied and 

ever uloile not gul?k·,ent lo juitifv [lie di:RE :,pen.ive on accoun, of ihe possible kixet 

of 1 kiwor frequency he•auy the problem in ,ign.Il strength Tlierefore. if 6 6 or 

01 /wer factor tor/elion conde]„Or. whic], 1 1 K.V in]:.16,0 i. adopted .1/Ii[,inal 

wil] drain 011 an exces,Ii ve :ininunt of energy traJ,•mitting plant cin easily he in··talleti 1, 

at mo· Ircquency. can be ove,c,ime hy the ©ach >terdown [rin.former ·.talion diu, <ate. 

u< of heries connette,1 niktin-/4/m guading .122;# Inw. in sl*nal vattage an.1 

choko. the M and cow £31 whi.li k ver, po•dble inlerfereike• lit tlie re,note entl• ii• 

[im•h kiwer :/ Ihe higher frog EM.. There the Mu/. with ihe i,/6 /v.fat 1% tli..1 

fore. only after .1 Elinrall,h i, Irvey of 112 the capil:,1 nutly i kept »,iliin sen,ible 

network £13,3.1¢ri.tics h i: lien made c.m proporlion·· t,• the exp:irl·.inl• of th• network 

a „nund decision be 'aker, reeardi„g itc 3 THE SAN(M Bl RG RE MOTE 
frequency to be :(limpted tor 111: remi,te C INTRO[ INSTAI LATION. 
c•mtrAL in•[.ill.itiD,1. [iowever, the li•o•t 

imporian[ con•ider:/1 in determining T. tlic followiny L' a lion descrlpli,m / 1. 

in»[i'in frequen.Y level S i.[,1 I ll. inte/fe'elia bure renlixe ronin.1 irt.talla tion 

problcm which wil! be di,cu„,1 in de, ii[ 0.14 i.1/,ioe: hmipment Ialer 
1 lte inelhod of Imieuion nin ni,Il[, .1,1 i,Led 

112 |l)calion of tr.,1•'.Initte„ will depenal k e,114•r helle• Ul»luili or par;diet ili»Lio]1. 
Lipon whelher [he *Ii.it. He inje,Led M In // c.i• of [he .%:iwlli,tw reliwe conin 

the low volive (380 1010. th: internle.1 11: LIN:11.,Im pu:,Il·] mjeclion n, adopied 
vi,11/1%. 16 6 or 11 K.V ) or .•en [lic atra In LIc u.,irp,rallel injed'un,hle'L)[Lrling 
high vokage tivel The ·4:00,1 .,1110 1<.w ,ir·11,1 i- coluiecled on ,t 3.ph,„i· 8,i•1% 
vollage J¢pei *ill iinlv hr an wm.+ 1:[w/n Ihe: m.tin ]] K V. bu h „. and 

propition in am:ill Lowns wher:, 2 injection ne/Tai :15 1110" on the i.]Liple ]" 
A [he 11 K V ne,wrk al each glep,|im, diagram Fig. 1, 
tr.in,lormer Nube.uition i. ilie prelerred The cult componcni, .,1 ilic I.t ill 
solution. 4 i. dic m,[hod which ha heen inJ ec lion equlpmen, a re Ihe i•,0 1.11, Hy irill» 
adopled in (he S isolburg iri,[allation. fornier T. [he „inder™ar. C L„1,1 [he luning 
Allf-ph /2/li,in .,1 11*e e,In hieh -Ilage MA 1,// it] .lie nii,unted bweiher m a 
1:vel mil> al first *cem Linctive b=:11% of coL,plintect·lt,ir cubklei..,nanner'I•,iwn 

dkul' .... I [hal •in.,1 .Ll|¢/...IL). WI|| 

he prealer hecau/ (vig, *!ep/mi •ro,•18/1.' Fig 1 
tion·.. ie. 1/11 11,3 1 HT iii H r .lil i fli,1,1 

PRIN('IMLE 1.INr DIAGRAM ih: /1 L 1 1 10,:I .irc encomniered mil 

may lead iii insuilkien, wilt.,ge ,i, 11,e 
COL r.eiver. un]- 4 hip•11 'gn:il PLIM; CELL .6,11'il .it low FOR PAMAL.1EL 11•JEC 

IN ';HOW'NG ./. 1 /11//J• lilli 
Ire'llicney B€ chosen 111 . au'll,1 8121 [ne'l. 1()!24FR (rrin,• 0>l]4 [Mi CONDINXON. 
6 iii ¢lieruy low,ir,A i],e exir.. high vall,i® &,r] and I UNING ('ll S ice,il™I 
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The mning coik :,re provided with Up •411„1, 1. ,/1.1¢01 k r a „,Lwork full 1,,:id of 
pIngs '110%•ing their adjus•inerit .0 [hal the 7 5 1.W, [he •.en,nd coavermr set at pre•eni 
dd ul ilf the .Ign.il yelter.•t•,f -A heing 1J·.ed (11IJ> a·· i, •167 wi,t kIJ 
3/%/ a unll, power fackir im/ditice th, ne,wilrk full load JIOWeve]. reach 15 
under normal fullnetwork 10:id 1 hr hill:1· M.W.. both sel€ can be put 111|0 Operat•,*]u 
[ing Iransfornier k:iko fi,1/ will, 1.,pp„i/ i,lit:tin incle:„/ ad.) frequency pu#:r with 
a[k)41,4 v.iriali,in ijf the .len.il greogth ihe Ar¢.ibed neiwork impe,[.inceN Ad,h. 

Ollug¢ 10 .uil lh: /8rd ,)1 31[:i,I, iti,41 tion.Il inn•erlor Ker' e:,1 of e ou# be 
actually encount¢red in [he n/work Etalled in future when required 

The 4„.·freq,renc, 0[1©rgy „ p,/oced 
by *wo convertor se[, ar .hii/n in [10 3 0.21 04 r.4 A.q/7, r, 

The con,r, 1 [Nhird incolir·/e, two auto The fully aulim:,Lic hut wiy .i,„pie i•111 
malie ,[,ir ilelt:, nicti,r starter, for the (w„ (ro] 1,1111/ 13, asullown in ng .4 an,1 I, hum 
Lonverlor.i,:1*. a c„nipen,:,Lic,/ cabine E whi¢h m ne„ W the maili.suh„,ition „introl hoard 
allow. il,e sele:,im M enher :.inverlof .el 1 b.· co,•irol panel or con,nng. unil k 
I ir autoniatic oper,mon .81 an Impul dem/ed fortrali.milliu/dillen?11[din,ble Ww tor [ran•mi'ting [lie audio·Ir/,Lien¢y /.imniandk each dolible con mil[,Il :1:41% „11 
signals toihe,econdar> hlileof the in•ula,irle a con.unier en,up to be· .witched holh OK 
*6='H/igion •••, ilic 58 and OFF repeatedly..i, ,#·lena: d=red lh: 
:ycli vollage 'f the distribuling 'clwor' tti 

22 nunually .7per 1/ c,Anlrtil sivij.he, h:l,J he '·111'trotle'! 11™ Po•ilion€ - ON, OFF d AUTO 
Thc audio·frequeric> i'ower of e:,ch i,in· MATIC-- 1]12 w#,1 o ilch being al kate| 

ver,or bet on [ he l,/ hurg ,•10,11 6 5 K.W to ed¢h ch:Linet If /ne of [he in.,1,1.,• 
hwite]1¢* i. lurned I'rom the ON „ ihe OFF 
fur example. ihe ionverlor 'cts .'re .liFted 
2,113 •111pu|Ne• L.le•le,1 l accoril.ince w•11• li.AD (ONV!·It,(,]2 !,Fl.:or • K.w •inio 

1 R FOL J... 14)W1 K F A( 11 A ND CO/1 ihe R. .etting Lif Al I - inlri,I *,1.hA Thii. r 

11(•Al ever mne the [r,in.,1•illing I'l·Ine glk# i ai 
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0/ration no[ Mly i [he require,I command ./oves m which pins carresponding Il lhe 

ch.u,yed bul +IN,i 111· commii,/I. tiredily ON dr:,1 01 1 :ignak Clin he w which 11/11 

giveri in :,Il „ther ch:,line lir„,6 previou, lut,inlitiL.ill> aclullj e mier, aitche, in 
tr.in•Knliuion• are confirn•cd. Ihis i: par. p„al& with ihe manual twitch¢.4. wh.·r,a. 
ticularb vai/ble Juring bredkdown,• in relerber. In the. collrol p.lili '/pervise Ihe 

power 'upply in '/tion, / 119: network in uorrea iransm®Lon of the commands over 

M 1he injected F/./ were „<.1 recived hy the entire nenvork. 

recei,ers in [he .Irected /ction. 
C 1.3 1 1 he Ri ri irmg Reky· 

The [ime required hir tninxmitling :Ill or 

1 he 
any .ornhinalion of ihe 22 double 

electrizil command. ilia•rim of the Receiving 
ini,m" 10 1.ree min.. Whenever the Rela,7 which m t conhidered a• one of 

the ino' impor:ani comp,b.in[N in a Nniote 
con[,·„ switches are hel 11, AUTOMATIC 

control &/.11,2. i, a, /,M in rig 5. a luillin pragramnie clock WIll lake €34•:r 

the functions ,/ 1111 01.inu.dly operaled eon- Fig. 5.how. the electrical diagr r for ihe 

trul switches The drum haq 21 parallel ron lole :<,1,11,1 (01 1, L, C, [ · an,1 C 

liu 5 Ukq•/1,-•i ··' 
N..il•h N.In 

22©v- 

14 -I 

4 St-Img Coalacl 

11 / 12 1. P.I. CO..Cl 

5 -al mi 26 24 25 29 30 21 

Ta - 1%21 4-94116- 
1. -9---\Ck Of, 19 \01504> / 87 1 014%Ktti 

- 

8 28 27 11 17 <0 
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reprecent iIi: :,imMnemN of a double :1:90 Nwileh ON ihe loads allolled m channel. 
b,ir' filler with in,do.tive '•)upling bel'.11 2.8.9.12,16.17 and 22, wherea. chinnel 
2 
the •wi, fi],el 0 1,1113 1)ur],•g :in .Luill'i· O re//8, i}/ suirt ill.plil!,e fior AIL 

equencv tinpul·,e, ihe initrui of the Niond rice/,lig ]Ii¢ w' in/por[:int inno- 

3 
Kt•ge 

,·1 re,1,fied :Lrul charge. Lhe con,lencer pation which h b hen nuide m ihi. „,[em 

3. Ihe val,age / whuih rl·,e• ©xponen,lally ix lh:u il k not necev.ar> to have a separate 
%. ilh 

linie Once ihe iginkion vimage of :he 
}W 1„,he (7) Fi:„ been //cli/. /¢ wn 

den.e, (61 dighi/·p 1hrough [1,/ aL,\iIi.wry 
/8, {81. When 1112 rel.ty .//1/1/re 128] 14 
./.•led 'he ....1 h>r ihe i>Jaic •j?, . 
rell'..1. ./1 1./ler le [ension 'f [1•. •prin. 
M the .1.irtine coniract, ckw, thu, con. 

ralli¥ 111/ 220 1·/ a c. cuppl, to the linal] 
mininnu# mi,lor 120) In this ruanlier 'hc 
4:lecior me'lum n' di" to rot.Llc. the 
molor rem aininy under voltage unld a •im· 

plete revolu[ion h. q been perfor,licd, /1 

Which /4.11 Ihe .[ iring conla¢I <.pen agnin 
aulanulie:14. A I the N: 01 ,„ 4 i,h ihe 
I rling com „1 % dihe und <he molor *20/ 

tknne the follower (24} 1).poe. a imh of [he 
e.in• (251 tlle Phe Clic' LttS ag.Iin ope•• for 
a .1„wri per:„1. N,irnially lh¢,0 #hunt 11: 

pli,w tilhe (7] .ind res]/„r 191, Lhus .Ii,irt. 
Cir••iitine the conilenxer 261 1hr:,2.211 ihe 
auxifory relay (83 1 vcr> Irte (11¢ probe 
oini:••t• open however. &]11• T¢11KDVed 
and vi,[lage w hudd up m the condenc 

fr) .igwin. pf<11•Wed of .4,rie •1) I an audi,» 
trequency S.,n .1 i. being rce,Ked al the 
terminal• during b perkid, As w, 11% 

/' probe con'ad' elo e .md the shunt R 

reapplied, 11/ conden'er 16) 

4*ing Jimt:'&£''t#<*122 
ili·.ch/rue• 

rutated by Ile te,•ion of the (18) 
Everv litne 1his occur. th¢ plate (17) clo,es 
I.h:inie:illy any rela, Awitch ..Ine:(:,1 10 

Therek,re 1110 pre•ence of an adive 
4/Im¢ /% wit Ihe relay 8/ switch on 

the rel:viwil elia,mek glierea€ 11,¢ ah.ence • 
01 " active ]11]pul,/ will swirch 01 F ihe 
required ch,innel;. * 

Fig. 7 nlpresent• a typical signal trnns ''14-'-, 2 4 
mi'Nion 'erle·• 'n the impulse interval >»lm - 

EaL' puls, repirselits 'he kliperimpo•ition 
ct'[Istant Fig. 6. c>f :rn audinfrequency volia# of 

frequency o,to the intermediate voll,ge net. I IIF RI·MOTE CONTROL 'ECE.1 

¥·ork. hi Fig. 7 [he •untrol imruke, waulld RF1 AY 
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channel for Ihe ON iii.1 111/ OFF ,i/:114. 10-15 miriules per reccivin.e relay' whieh 

for,iny givu IMail 'roup If :0 d:.ired meant iha[ the iNA[lation / r/:19, e 

load 1, A he iwii,he,1 ON mr tO be len done nery ¢/pedienily 
•wirched ON ari :ludi·'-fre4Uen•• in'u]. i' 

As the L. T 6/ibu:,0,1 snlem 11:8 

ul•i'i·, W at ordinary 3 phie er 11.e •mirt imoulse 11 # .. 4-wire underground maina 

other hand, 4 it Iq iledred 10 -k·11 'i load siligIc pli.Lhe xerrice co,inectioii., h:,ve 

01 1 <Br lo leave it uvitched 01-1 been ,/:inged li, al] resid¢:ke, w/h 14: 
i pau'c 

k ni,ide :it ilie 'r,72.' mi'ri d ifter the •an•: nuniher of house• on :ach phase. a 

imlial wri Ilipul,e, liu· nmpilli ,/terul" #°•d <·ver:,11 killince on ille .1„kibution 

mu a' 11"rmally exe'/1/ un, ilierefore. [em 1, i,ht:line,1 The receiving ret:,9. 

allow 22 DOUBL!· COMMANDS irieach have now han illitile.1 in i eight ch<mnel 

tra!,4111.•ion.le. 22 diffelent load and H [herefor: possible m shal the witter 
urour<can 

be witchil ON or OFF :i. desired lf the hcal:r 10-3 .ii on>eigh,h :,1 the lotal eon- 

tranini"ion 45/ :12 open,[ion of ca.]h ind•VL. 1 very larue ,"rnber nec·[ed W on , 

double comman.Ix ,tiould he required. [lien dual ,hanne[ with equ.,1 £,11¢ct on each ph.De 
ea.h [r/n.nzilling [init can he extende,1 1/3 he ot the d'[ribmion "st:m. 
capable of Irinsminine up 1,1 himdre,6 of 

(1 E, / m.in• W Rei double Cammdrid• hy sin•ply fi[Ling ILI]·ther e,A in• Ri·hiyv: 

control panch A ver, ilimple hui effective r,irtable relly 
[eq,ing unit ha, h:en supplied together wilh 

(14) /,i./u//21*,i 4,4 R.ted % R,la•, 11 the equipment whkh nuke·, 1]12 te.ling of 

AM•wm.·i·1 Pri'mile': re':·i'ing rel,M heinre being in' [.dled or 

il,irine senice a ver' ,iniple mailer. 
Ah R h:id alreadY heen con Crial to 

intr•*111,0 1,1./ *he,liling :41'ipmenl M fur 
huck .1, i/52. 'w dictual iliti]14[13,1 m pener/or which is capable of prollui]/ Ihe 

.tel,ing relay' on ./nierN prenil. .a• required iniscihin frequency Lurrent ["gether 
luirly 'imple 'Ine In 1.1(lili*ing d reL|he... a controf imil which cati dmul.2/ any 

1. Ar• prac[Lay 99·4 of all the Jame·,lk opera:ing 'eqi'ence norn Ilb execulal by 
[he nutit•r tonlrot ho:in] Receiving rel:m c'munm in S:,Nolhurg have 'iniatic 

ze,ted and later hii,er, ,¢L zo the 1,1.quilled .ill are ilierefore r,4,]ir/1 ,on,1]mer. 
ch.nme[ hefi,re main '41/1 [ire Bired wih ille being put into ier¥* wh/h 
elimili.ne, the F.ihihiv of a 1•u[[> recciv. 111¢9.iry ]<'ip' ft' 14: inS';L]|1Lli,Ii <,f 

ret:•vitig ing rel., heing in•1.illed Furthermore. r¢/4 
4,„]Id a receiving rela, full in her,ke l[ Ma 

2 The [.leclricity Supph Re,ul:Lii,in. 9 wple inaller to te,1 1he relay on site 
promulg:ned in 191' give. I],c righi t ui houl [he ne.c„ ih of h i ne [0 r:move 
che Supp]¥ A u [h,)rilv Lo in,lill recm the relay 
ing reLy. un ati waier hemer i in uil 

Th,·e are inip, 'r[ int fc'Ma ')1 'in audio. 
3. Th, receiving rel,iy i, <upplied coni frequency rein„te ,·,ir,ir,it ind:i[!alion AN Ihe 

flee will a very e.. ./uniny legini. :* ..iinlen:n•e I roe·eiving rolliys 
bracke[ whkh ;*m the in••:11|,Ill,•n •hoold be ;traighl fi),W.,rd. and erperience 
or removal of ki receiver hy 'impl> hm ,/nwri thett el•i•ling 41.ift ¢n,ployed in a 

atlaching i,r ren,ovili, the i ip rel.iy '1//ard IN, Dom i ./ ver' easily cope with 
Lover xer:w mk kind of work I therefore feel thal The 

Fieure R shows i dr wing of the Mandard argument rai'e'in [he pau 'hat 'pec]:11 
50 amp Main 8 1.ird in.liI]ed i ilomew: tr.,ined d :ind equipmen[ i. ne,·c.•ir> 1<' 
Pren.''•' L 'Ilble i.' .er'll'. al all ele'll. 
11{inic. an•i th, /4 ition i,f the rati•ing r// FIN 7 A, 2 101.1 1 cf /23 reel ing relehind to lie 
ms[alled an .ill exiging /'Indie waler GRIPI!/ .I HI F•.1.1,//All}N 'F A 

9,6941. ·TRAN'"IN. ORDTAA,·E }liter circuits. the aclu.A (inie neeowiry to INJ [ ('I ED ·I,li [•[K)·FRFel ENCY ClritRI 1'.T 
carry oin die work wa' .ipproxinkile)' AMCB · 1142 
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E-198. 
5OAMP SINGLE-PHASE DISTRIBUTION BOARD 

INCORPORATING 
RECEIVING RELAY 

:/cce'.full> oper'. and inammi. a .mote (4.I J /he /i/;rfe•£'ilie /'nihie,••: 
con(rol inga]Jaiion can h disarded wi[h Interferences [h'' my he cneounler¢d 
prexent day remole :'introl equipinent with au,1,0 fr:quencv c,mi! :'re kisically 

hrfurell.: VO|lilge. which can be of the 4 Orr.RATIONAL FEAT[.RESAND fu[]owing typ.· 
EFFECT - (L) The senii-:teady st„e interfurence 

The w!,aee In the low ten•ion network m,j·,I imporianl ,%ped of ren•ole 
wri,J operalkin U whkh 

undollbled]> [hei,•ter- rarely exceed, the !¢vel 01 0 4 
lere'/ pi,blem and volt'. " ellect 'pon the 
inj¢•tion frequen•y 4 a remote ...] R Nurge |ile Arlerence hi|lage.q ,)f 
ir,btlittaLien many vol„ anipliiude with expon¢,1- 
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clally ilecaying audin-frequer,• cam- acrong the /condary tern,Inal* of [he tiher 
poomb Tle,e :in! mainly due m Ihe circu# und Iherefore /er.4 full pn>le,Ihin. 
•nimection and Am/clion of load This voliape usually ,Icurring ily i, S# for 

and tr.*formM, or /0 paral]©ling 01,1/ 10 mihecon,E or . is insullidel,1 10 

operation' and lightning surges /haree ihe conden,er ,/11/icnily 10 „ir[ ihe 

&¢iver. 
(iii) Train,• of inierference surges sinular 

to the se,on.1 cla,s due I repelitiw In the case of repetilive xurge, [he non- 
·.rnirces <ind 0, her device• conne. Led line:. resj•t>r a.0 .really yeduce' 1bc 
through Fr contit¢13 0 10 mercury amplitu,le,of the in•Iial peak, of each surge 
an: tracrion rectifiers which may having the crfect of itraining 01 (he con- 
becom: cumulative to the point of de m charge dllring ihe intervak between 
call.,ng opern,lon of Lhe rariving the individual SUrge, m the Irtin which 
rell [1'"nially are cif anly a few nullia ond ' 

*An Thi, Ihen preinA 6 [raing from 
R rimble spill-'15 111!nals from neigh* 

hecommg cumulaN,e le the point of cathing houring nelworks which may he con- 
re|•y Opeall. 1/ 41.hion every transmit. 

1rolled. [ing plant is provi,led with *landard prote¢ 
T. eliminate the influence of xenti·xicad,· lion again•I interference voltageN kind 

al> 591¢ inlerfurence voltages Ihc nveiver 14,•hible spill·over •i=" fron, neighthill, 4 acD 
3, follow. 4 ha. already been *hown ,n rig fle'w'irks, con' 81 i,1 g Of .1 iwo· w uy con[raclor 

for 5 control purpo·:. and de•crimion of the electrical illaeram incorporaling :. 

6 an audio fr™uency sign |1 *14 the ab•irplian circun In . re•, po•iN,)12 11)14 

corilactar conal, the 11 K V. i.uh-wilon amer h inducing re.onam:e *Lihin th¢ 
bu,b:* double freguency han.1 f/r lh¢n bi being 10. earlh Unough thecoup]Ing reuil 

wified and charging le condenser and am additional tuned mil which lire all 
/ I 

the piN* where the ien[[ion voltage of the tuned lo re:onale al the required audio· 

glow lube £7) i• exce/led how. if :he filter frilliency Injection frelluency level Thi, 

ouipi,1 volt:W: rent:,in. con,itan, the voltage ./.s [liat an> ./.eJ'e voltage. or sp,11- 
aer,1. the „,ndenxer [fi, ri„N exponentially i,ver %,gnah :11'lklaring '10·:e li• Ihe inJecil,In 
ki the chang!/2 [Ime. The rece '.er ha, no. fr,quene> level are elfectively •hoirl /1/ulled 

been de/gned „,ch thal if a Ger.,1 of only *Ber on act* audio·fre"eniy qi,nal' 
1.0 ,/1, i, applied lo the inpul the time aie being injected or during /11·,e. between 

,:quired for th, conde,ber voltage actual impul» And fin:LIly 8% will he gen 
w attain 

the leniti„n vi,hiye of 1& glow tube A only fron, thi· yruph'/ rt·penent.•tion Of:i Lypkt 
five uml M im the other hand, long impil': dur,1. 

witli 'igna] tr:[14[119:ion, 111· 
:in 

4 of 7 5 '·econd'. 1, idh I ili¢ rece•ver. a 

input vollageof bel/w I voltof "i> R "d"' 
the ignition time appro.,che. 60 Econds Thi, contnil energy which lies fur above norind 

inlerferelice le'.1. 
de,ign feall,re theref,ire ,ampletel, ellini. 
n// the po•ibiliiy of relay operalion fron' In the // of [he iwilburg in"•""" a 
semi •[eadv.81'Le interfurence ,allae¢s. 

lh„rough initial survev wax niade ll, deler- 

Nurge·like inler!-erence VL•ILages on the nune the corree, fre.mene, for inieclion 
uhieli .how:/ /2 op,Mum faiuency ti) he 

olher hand. may reach 100 vol[, in :implijude in tlie :egion „f 1050 c.p ,. No inierf:rence 
bul these •re usually ml> of .h.iut lo n, illi- vollage• of uny nlagnitude were detected 
=eond, duralion Rven it' [hu energy when ih: initi# „Iney waf niad: bul 1, 

le,el of thie .Ignals e)xeed, 100 m Ws of mnteres[ lo note thai sub luenlly a , 

Mich i. the energ> meN :try for an ham lillerference wit, tge 111 I 140 c.p.6 as 

dele * to the point of becoming eumulati·,e 
wh/ntle uuchz.fequency wanaJ i„ aui 

and c.ing,ne /lay operaiion A sub,equen[ 
operati•in of [lie re/>1 the ..·linear./ilor ·.urveY brought [o light [hat thix *Leady inier- 

(91 whh i, /,arp cut-off / 4 0 5 ¥011% ference w)!cape orle•naied from mircury-/re· 

,ever,)14 1,mith the volulge finall, appearng lraic,win recurler, in•[alled on the S.A R 
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1-1/,trification .„tern aher, Ihe,e were con- maill d.,[,1 characteri•ed the· network un4er 
m,Numed «,me nord later. Thek con./. 
n•ercurv.arc Ira/9- reclifier. are being ted 
tron, Ihe Lame 118 K V circuil feeding the 8 Installed tr=fin- c.•falit} 2,1 

Sa.lhurg ne,wark ;ind are siluated only Ihe main updown tr:in,foriper 
Nom: 4 [0 1 m,le, fr,im [he INO[burg Main wion 7100 K V,A. 
Sle/kiwn TrinT,Kfur,4 .911,[ion. AN a >ingle Cul R/led load of domextic •ater he.,Wrs 
frequency ab·.„rpllon circull had been b:ing con['011:61 3650 K W. 
'upp]ied which was /,Mly c{Tee·live in 

lili) Nun•her •if recei•ing rela» ah,orhing in•tai•ed ,merferent: voltage, ar 1050 c p,. on dom:„ie waL,r heater inierferencer fronl lhe 1150 eps. frequenip cin-41[' 
leve] was 1123 appearing:hise 10 1050 L.pi. 10 

the roint or cautng rel:1 „peralion A •Il#Ill (iv) Raled load of enmed waler heatfrs 
mo,lifialian to ihe alhorrtion CirCULI had rer mciver installed „ 24 K.W 
1 herefute /0 be inade and by bl {v) Rated ].11,1 of ,[met lighling sy•Mni 
additional/ill conde,NA into the tuned 300 k W 
c,nuit double frequency aliawn m 

achieved w Lhal Hily /Herference v iliages Fn,ni the daily bad curves c,ne •an cle:irly 
.)f the 

din •witching thek limit. could he abrhed chove the effeci ··ON·' 1 
and ·'Orr " of [he dimestic waler heater 
and Irce[ ligh,ing wil [he nid 02< renM•le 

Ni> Funher troW,le from imerferenin hai ion,ro] equipment. during cerain tin„. of 
aince been experienced in the n¢iwork but (he day The wilier healer, are wliehed mT 
fron) Llie ficregoing 0 -Il b,3 reati·.e•1 thal dilring the Tn,ir,ling anil e,ening peak. ar aI•d 
pow/: interferenee, ihal ma> be encoun- ,··hen required Of [he 22 double con,mand; 

tered m a distribution nelwork lire the mo,1 111/L can he perfurmed -113 11,2 remine „m 

importinL facton whe„ de/,mining the lr<3[ ingllation le al]:calion af ch:innek 3 

......frcquene' of a remate controT .follow€- 
ins illii,in Furthern,or: a flexible ahsorp· 10 channels for domes,le waler healor ti,in circull tha• can be adiu*led al no laree 

con* 
e•penNe i. e»ential for an AL,din.frequency 

fur #reel remote control wall,1[ion To 'ha[ 2 ihannel any lighting coniml 
pox'ihle future interference vol[:* can he 3 channel, for Bm,/ 10*n•hip Supply 
rendered harmler and troubt, frce operazion con•ral 
can be *him/ 7 channels arc available for <1[her appli- 

caLion•. 
(4,2) Eger# fin 'ir Sy,1•ni /·fifu/: The dome,[i, water heaters arc lit prexent 

11 1, of Mileiat to detail some of 'he heing con,rolled by eighi channel, whkh 
// i n any de,ireti a,pect, of the au, m :lic control trried ea n be wil ched on or 

1.1 

en do..& /ater he.m an,1... lighling group for loail •hed,ling purpo€s. depending 
in the Sasolburg network with FY# wron the number of kilow:81, chat musl ho 
reference to the :icti·ul „m the,e beaten re,13.ed from th: peak. [kin: the •]draing 
are he,ng con,rolled and the elfect ,hi, hz, peaks *e water healern .ire only swilchecl 
had OFF wl,en neemi•ry ark! in Ihi, re•r•cl il A 

upon the gstcm to:id faitor. 
of interev In nole !hallhe Sunday njorning 

Fil: 9 (11 ko 9 (4) rern.eni typical daily peak k higher ihan for any other normal 

load curve, for winter and .#inler =4 weekdal>. As *he 1,1/ on the Sbolbul 
en the Sa··olburg ,/4//1 #ith and wilhout w.[em i. purely Jome.lic, Ihis can the 
load //ddlne accounnied for b} the fact 'ha[ most con 

„imer. have [heir 410 ves in u/ on a Sunilay The,e 10/ curve, are conip,le.1 frnm pah, Mning preparing Iheir Sunda, dinners. 
nler and #er 10:IN a•lually recorded so 
at lh, redution in peak 8/% can be The 

.PE ma,imum hourly uiemand, recorded 

garde,1 1, fairly ucturale. The folliwing di,ring 1/" Cond,y morning rea' w/ :10 
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folk» during the mm· and wter peak on the /her hand, did not appreciably 
Mihs afTed the 'urply of hot"[er to 'aur any 

inconvenience as no complailli• were 
Winter hnorning peak wilhol load shed· received 

ding 4.3 MW. 
A, will be ,eon from the load eurveh 

Winter morning peak wih load shed· 
the weekday evening peak 1, hlher rhan 

illne 3 5 MW the weekday morning peak and cont,01 i, 
therefore untial during the weekday 

Summer morning peak without load Nhed. evening reak The waler hcateR are 
din. 3,20 WW. norm.illy swik·hed off in three gr(.ups during 

Summer morning peak wi[h load shed· the evening peak. Two grn,1/ Ire switched 
off when :he ,ireellieht. are ·,wii,hed in. A 

dine 26 MW. thir<1 eraili, i' 'wizehed Kilf 'hen the fir'l 

therefore, the aitching 4,[r of The waier group h NwL[ched on ag,11. Thb [11109. [le 
healer. rexulted in a tolal red/ction of 800 frrq group. 1.1 & re.Lored again after 
K.W. •i]J 600 K.W. respe,Uvei wh/ is apprng]mitel> 11 hour' swileh-tiff without 

near]4 22% and 17%: of the L011[ in>talled crea[ aen,o·.ec 

water heater load. The water heaers are 

creating a ,econ{1 1,eak The ihird group is switched ,)0 ag,In in /,ggered groum which wilched on again In two „age. which [hen 14 nece*.:lry I:J:,void second peak, which 
giv. an even ...ch . Feriod forali water nuly be Tar in excess of the recorded poak, beaten of apprk,kimal:ly I 1, h,Jur, during the during the nvi[ch- on perind. a5 it was found evening peak. wi,hol], creatinp ,econd peak. that approdmarely 1. id the Iotal load shed i,r c...intt any inc'inveniene: 10 (1•c :'n- 

1. revored when the water heaters are 
.Limci. Thi, nielhori af contro] refill/1 in 

The =aggering Af ihe -lehing ON and the W*ing maxinitim hourly ,]clihindh 
OFF of the wnier heaie„ furiher resull, in belne re:„/efi ,111,1,0 the evening peak,. 
at] even per,ad all water heaters are kept 
swiche*/ // amouni In approxlmately Winter evening peak wilhout load .hed. 
23 h.„1. clumw LI,e Sunday n,„rning peaks 
The waler he,tler' are swilched off again ding 4 7 MW 

during the evening reak, hui [he operation W.Ler eve... pe: k .kh 1,)ad #hed· 
diffm Nomewlint fron, Ihal found 9,11[ahle dll 3.6 MW 
for le morning pc.,k: a. 911 ihe w ler 

Sunmier evening peak w/out load 41ed 
healm ale d -te·hed off In elon: I¥ 

ding 3.4 MW 
Maggered group. The rea•on for [his ix [ha[ 
experience h g <hown 1har if all the water bunum evening reak with [oad Khed 

heaterN are mk·hed ott in Aely Magger¢U ding 26 MW 

sroups as k the case during the morning 1 herefure. die h"ching 1" of the wai:·r 
peak, [lien the & group can only be 

hille„ during the evening peaki. re•ulled in 
uvitthed on again after approx,mately 24 a „42,1 reduelian of ! 100 K W. and 800 K.W. 
hour· f a :.eco•,d penk Ls to be avoi•!ed re,pect/ely whech R 10% and 22 0% Af the 
Thi., of course, Emmediately led to con'unier wtal W.illed -ler heater ]Bad. 
=plal,115 of an Jngmelent currly of hot. 
€ aler dur"/1 1[12 eveningN from 'he 1/9 

(Al Ccm,imilvan al the Dath i')ad C·w ves 
2% oup·· 10 1% i/, hed on agaln. The demand With ami Whhou, 1,=i Sheddinx 

r hotwater dur•ng tlie evening reak „ 
9 crefole. nill,11 highe r I handu ling the 

11 i. ric,w Lif xpecia] inier¢,1 lo con'pare the 
nkon,ing peak A ailch-off period of imi dati with al# wilhoul 1.5/J ihetiline 
apprmimi[/y 21 hour, during the murning f,ir winter and Nummer loadM. 
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W[•111·14 IOAD CUR'F .'MMIR 1/Ar (1)12'•E 

WI/ Li UL 10.Ld .,(h IIi,1 Wilhuul load W ith Ii- id 
/.I/Z •hcdding shed'ing ihed/Lg 

Total energy gord over 24 hours 58.000 1<wh 58,700 Kwh 43.480 Kwh 43.720 Kwh 

Morning re/k loads 43 MW 33 MW 3.20 VIW 2 6 MW 

Re,liktion ill m,irning pc lk. 080 ww 0.60 MW 

11 0 of in,wlled water healer 
u 22% 17% 

As 94 morning peak 
_ 19% llc, 

Evening peak load, 4.7 MW 3 6 MW 3 4 MW 26 MW 

Reddin in evening peak, 1.1 MW 0.8 MW 

Ae: 0 / btalled waier healer 
liial 30% 22% 

AN % of evening peak 235% 235% 

Daih I.:/1 fuel.ir 11 5% 68% 51.59% 70% 

Mi.rning. 10:/ // per receiver 
in41,1101 .525 KW 400 KW 

Evening I, ad *hed per receiver 
in•alled .720 KW 525 KW 

The evening pe,Lk liwid e therefi,re •limer.. In thic rele:I I would therefore 

red-3 by an averal of nearly 241 sugge:t [liat de maximuni period a d<UnNic 
wherea< Ihe morning peak load was reduced g,iter h:.ner 01 10-g,illon capacity should he 

hy :In :1/.1/. 94 19% '14 .wcourn l'or :hi, eontrolled in 4 hour, iluring the morning 
itifference in load •he,1 during the morning pe:lk: and 11 hour. during the evening peak, 
and evelimy peaks the demand for holwater which will ullow imple lime for 11,e water 

is gratter during ihe evening peak• Thi> is m rehe/for bler requirement, 
aIND ,hov h> the percentage „f the [otat The important re.ult, .achieved from the 
in-lled water healer load that k reduced feregoing 10:,Aheddlilt „Per.Um E howeaer 
from the peak# ituring [her periods. ihal il wa• p,»,ble In reduc: a max,mum „f 

Alihough te,1, have Khown that / least 33% 0 72 KW per receiving relay installed during 
of the 1/ 11 Iii:/ [aken iluring peak period. 11: winter mnihi and 0525 KW per 
k aciounied for hy dome•tic water heaier.. retei•ing relay Ing£,Iletl during 'he summer 

[he reduction in peak [oad w:' only approxi. uth, L an average over one year. thc/- 
mately 249; Thi. L iliic w Ille fal [hal [he fore, a total taluction of 06 KW per 
waier heaierq .irc no[ swiehed / lor recellg re y 4//led k achbed which L. 

unliecesNary lon!? peria as ihi. d cause Eprox,Jnalely /96 of the lial A,/allil 
inconvenience and lead » complain[* of an .luer heater load, 11 1% 2180 known that 
in·.tiflicien[ ipply of hilwaler from the last Imle Supplv Al,lhorim whi operate load 
grouth k, be .witch¢,1 on agpin dieddilig have clairned very much higher 

1 h¢ :,hove ni¢(hod 01 control wax however ligures pei receiving relak insialled but 1 

found /0 give the nu.iumum p"jible reduc- think Ihi• may he dile loeither longerperio,I. 
tion in pe:,k 111:/ wilhoul crealmg wood ./ w Jitrn[ .,r In diverhity of habii, „ it .L.. 

peake. or causing inconvenionce to 111¢ con- M/ ihal the high¢r the >ocial Mt:ind:iii „ 
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living [hc higher the con,u,iler h reduction and protection for Ihe feceiver i, iled ihle. 
in load *ouk[ he The ihove ligure of Ilowever. 1% boon as :he wn'umer realked 

0.6 KW r'/uillon in pe k load per recel,qng that /1. wai ]101 [ead,r• m any saving·, Lin 

„]a> install 11 14 (],crefinre regarded :IN s h, nionth], power hill, thi% pra.I,Le .eem> 

iair]> acturnte ilverage figuie for 11•e e!344 lo h•ve ceased. a, no furthe, con,plaint, of 

of con.„mer in Sasolburg. The aver:,ge this nalure were received. Onlv in caha 

nionihly load fil,18[ * uboil[ 50% before where the cul,Mumer happen, to dr:tin [he 

14>Aid ·.hedding m liplied where :is the waier heair complily // befire being 
the ene,Mitect of lou,1 3hedding wi,· m /011[rolled would the interruption of the 

improvement in the load faclor lo lin uve,age supply to the slorag* heater circuit cause any 

of aton, 639. red| inconvenlen=. 8, ihi• mean, thal Ihe 
Msumer ha. to wit !4 holinlonger for 

(44) A#er·, l/PON f// C.ii,unier 116 water to heal up again a, would ha'·c 
been the me withou, controt. bm I :im of 

As could be expccled wi,h my forni .)4 
the opinion thai it :s mainly due 10 A 

COntiol over 44 cul KWIner's free Use of 0 
follwng rea,8 (hal no monvenience or 

'earien] appli:ince. it was with some 
/han# has b/n nolial h, con.unier.. 

mpicion Lhal •ulisuiners £ INI acceped 
1 There M ample h„t water in the witer the Ink•allation ot receiving rela>, UpOn [he 

healer for the arly evenlng an,1 
premign. 

morning requircnieni, at m,3.1 hau'e. 
The W iplaim came from a emp holder,. 

ot ¢onsum/* who I,ad rectiving Niays 2. Comro] over morning hin water is 
nitalled during April and Way £59 The restricted k> Su/// and ,/ certain 

Meneral Liniplaint waN But 1,1 imm„liale "k-daysinly 
Iner'"in their electri•ity coduminon look 3 4, Lhe switch-off permd i. re,tricled [0 

Place ,/ice ihe rclay hud heon insuille,1. 
1 L hour• 

Needle,3 te gv. 11'el 1, conin,1 "5 only during the evening pak,there 
1, aniple tinie /or 18/ water M heal up 

c<immen•ed lowardx the end of June. 3959. 
again for laler N...... 11][h Lon.plaial wim disappeared. a• it wa·. 

pure]) mcidem,11 0,8, the iN,11 tion of 4. A ,wikh-Dly peri,wl of 26 h<,ur, during 

rcceiving relay. happened to coincid¢ *Rh the morning peak, does noi appreci. 
elfect the the sea-1,11 supply of h# wa.cr in:rea/ in ele.·tricily ably ¢onsu[•p as 

non. General]> .peaking however. the Inci- 110 comp]Jililk 'cre received in Ihi' 

denec of u#wm er complaint. ha: tren r•xpect 

negllgible. In [hi' re.pa' i[ u'll. Lilieres"18 

note lhal in the few d we. where a 5 THE Fa}NOMIC ASPrCT Or A 

mplaint of an in.40 ,upply of hol Ii·MOTH CONTROI SYST 37,91 

ter Was re«i•,i' aild H wa' fo•Ind lh.1 
./.525 The econon,Lc• nf a rellune conim] xystenl 

1 e rece[ vcr had no[ functioned correctly, which ;!, the m.11 impori.m[ aspe¢l. depend* 
t *unier 11£/ as a 'nalter of hah]L 

mainly 11/in The followine twi, poim. 
5 ,[ehed oIT ilie i.uppl> 1•1 +Ii: „aler heiller 

£ ireuit during Lhe wv,i:·1, / period an,I had 1. The fact [hat the capiial ouilay and 

rlinning cos[' in pri>vidine a supp[> (,f left „ 0/ mil the fo]Iowing morning Thi. 

then relurally meant thal ihe ini¢cled electricil can he .... mainly 

signal, could mit k receiped by ihe relay he:au.: ihe load faclor of an clectrkily 
.upply 1,1.m .:11 he improved if 

1111(11 late ihe· fullowilly itior',ng or evening limciem eleclne:.1 ap&,ralus * 
when ihe next ./8 / Inpula wa' being 
tr/,]41],[Iled. and ihe Nupply zo ihe w•ter that can he mikhal off Jaing [be 

heater:ircuil had been re,®red Thix could p=k penod.. 
of rourse have been dvoided hv connecung 2. The facl ihal with the d,21 or a ren,ine 

Lhe receiver hefore lh: rrilective """ control »'em ne. 1[reet lighirng 
hreaker or fuse direa on w tile h/bar hur ingltalion, .vin he n™le much 

6 would have heell „•ura 10 he require· cheaper as ,(inipared *lih 1 4/piwi¢ 
|1/,11* of ille Sland,ird WlriI,9 Regulallon, pi]. wire or lable neiwork. 
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in..st cae N wit] be found sullic,ent .i {I] 1.ns'rm.h.Ii.,he[./.1 
ha¥/ uilly <ine 11 ihe.e 190 111.Jin pl,inth t„ le.,1 1, ·he 11 1. Je,01 2* 

unil©,griuind HT d,·tribilili•n 111 0 0 juilify [he capil:,1 nulbiy for the pur,_ha·.e .11 
a remote conir,>1 + 31/m, but can obvitpurly (2) T•niformatio, from Ihe ..1 
be bel improv¢d ahen i[ can be apphed for &/ ·/ lic Ll. leyel .LId 

•Inilm:round L r. diqtribulion -35 0 
pol"ls 14)/111:r. 

0 

In order Lo cilkul/e theeconon,ic udvan- I«[AL CAPi TAL INVEST 
Luga when u,ed [<>r the i[14)rovcmen[ ,·f the WENT PI'R K W. flo (1 0 

kid curve. the following inform.,•tion mii ---- 

he available From inlernational•. appm¢d figum 1 How man> Kilowati. .:iii be culaff which exic ¢ „„crnint the /api!/1 11,ve•.1. 
from Ihe peak wilh the aid of the alent per kilow:/1, Ihe KID/ted :14¢•48 
remoll con'Ii] in.[Illation? b,un for ],•tribution co'.t, al pre.en[ 

2 Wh..I ix Flie monet,irv atile of the appe,irs/o be about £Rl per K.W The above 
kilo•lts rhal lave r¢duced trorn the hgure of £50 per K.W. c,ul theek]-e be 

peaks? regarded :1 not Ino hi©11 ull ler pre'en, <Ity 
cond,lion: 3 What k che aver i ye c 03: i'f instalting an,1 for the purpo,e ot the folio.v 
ing ta|:11]Ltion. compar,:u' 1.'ll be made 1, 011¢ re.iving re|ay ireluding par :0,4, 6 of the fi:ure 'rangnitting plan' ab wel] 2, 

Iervice L.>srs 'in,1 :"ras·? The cost cit Ihe %•i,1 bur, rem:e control 
The:in™werinqueNtion 1 will he found in in,la||athin coihisting ,/ truil,Inilling p[Imt 

ctual Ir= „/raing aol[. obiamed wih the :ind 1700 receivint' relay. i. a. follim 
,„thurp reniate control in„/IN/n. As ( 1 I Pri,c per *• In@ r.]·,) In· 

a; shown e.irlier m in thi, paper / wai f9 :') . 

P# 1/ reduce an a•erage of 0.6 
(2) F•ri 'i,91 like trnisn•/* Ki].>wa[„ per receiving relay risialied from 1,1,11[ and al! equipm•r,1 r..1"irre 

ihe peak, (m Lhe !6••ilbun ne,work. ihe,ei,• 

Although MI [ lairicity Cupply Under- (11 '..enclo• £040 
LakIng• may ],ave achieved 't reilucti,1,1 of 
nuire '11," I kilowat per receiving relay Tel At pri IN'r, I[.LI i> 
insialled. which i. mar probably due Lo •a FJVER £12 ' D 
diverdiy of Ii,ihits ,/ ihe variou, consuiner 

group·. and hinger conlrol period' 1/ :ol· Each propeal Jiev. k,10.al, i[„ta!]el! ci 
lowing enrm calcul:ition wili he hied lh: S/Milhtlry 11/[wi„k w311 (!14·,ell310 w·[ M 0 6 K i Ii.w.ilti, 8 h i,11 12 .in .ict al i,btained approximaich £5() 00 21/ cillier 11[,Ii,1 ab 

average fipure Call receivil ..\. in•[:illed can reduce 11'e 
The an,wer lo que.tion 2 U he!,1 11[lu•· peak hy [Ipproximately .6 K.W.. 11]i, mean. 

irated hy gi,dig the actual effet·[ in - 11 1 & ever. 1.7 relays mwned the Pwk 
1. Capitil Inve·[men'. and can be re,Ilital by 1 KW Ah [110 col „1 

1.7 relays i, Iproxim:,iel> £20 0 0 th, wi•. 1 Running cosi, of [be St,„ilhure Elec· 

tr Iny Nupply 1 Inder king: di'[rihu. 
trol Wilipnini m ah kili,w.iii of reduced 

Iion sysient peak load k· 

(5.11 Ellea on Capeal leve' tent £50 £20 = £30. 0. 0. 

A, menti•ned prev„.i,/9 a >uh/.int,/ In /her words. on .iny pi opused new 

increase n the o ··t „f di··tribulinn equip //lenrion of die di·.irihi/ion x,/m about 
mc,11 h:Ii laken p•aCC 'mee '30 11hure wai. £18 le« per Wkilled receiver will he •pent. 
developed in H)52. and :in :•nalyvi of the .15 Llie /hov¢ cateulation „ b»•I on neu. 

inveinki per kililwwn rin [110 %:i*olbilry raised •piial for inaiment, 1. actual 
ne[w·ork re•lied in the rallowing avelage Ldculat-. when b.hed on amiual eal)]tai 
ligure'· :,3 1'. willbe as follows: 
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- in,Uni 1 h¢ ,;uhseque,15 reJ,iction ir, 1/.il un,1 
101¢.. Ind nNien/ "11 per Mt, a, a resu]1 01 the min# in kikman iinnum rn /O per K W l iuw den•aild ./. &[·, cal, be clearly .ee„ f i .m tlie 

curves i lip 10. Bv the lin,e the atal|a As olic rel. can red,te£ 06/W 
fr#. tion of all peak the snving ./. w•, completed the per a•erage 
annum IMbr re•eiver ins,i'||Cd co•t per unit bou•h[ with [Dail *ing up 
wiuild be 06x£3[79 wl, idh is ·1 h 8 10 Lhe end of Septeintxr 1960 wa. :15 

1% 111< cobl „f the re,ming re[[/ including follows: 

11, pan cost of *r irans/nitter And all exlr/3 Kil,u I ./. rer unit ./.gli 3./ 
i, £120 0.. il ian lherefore be amorlked in Uil,L On* rir u.]t bough[ 341 / 
a ppr••xin•ate!. 5 yea rq. T•,lal cill per iii'il liliugh[ 57)7/ 

(5.2) E#,cian R,nudi) C iw.. 
Therefor¢, Lhe Nallill gvint 011 Kilowutt 

1 he effect „11 runli:lig co,Ms „f Ille Sal!,01- ,1/„iand charges per un]1 haughl w:i, 1,4 
bur' Lk""i'v Suppgy Lilizler'/1/g i|iN· fo!11*/ 
Inbution 9-n, i, bet illu.[r/ed by the Kilow,ll c,™I per unii bought •,th· eraph,c reproductio,1 4/ 111/ un/ co.th and ou, loid .:dding 4350,1 
load tacto] ful the pd h rars 5.hown 1,1 I'llill cr .r ulit ..... wi,h. 
rio / Inge,her with the year[M laiu[ curve. le.'d 4hed. in@ ./0 
as illustrated in lie 1 1. Sa•Ing In Kiluwai[ - pe• u'/ 

haul. 1•966,1 11 ni// be ob.erved [hal 111: ble/d> r]/ 111 
f ' lii./. in .... tutil| coi• "er ./C 

UJ]Ll e·•N. 0•¢r (]]e p.]•t lollr Yeab 1 bought 22/ 
due 50 laritt iner¢24:4 at 6 beginning Of 
[957, 1958 und 1959, irnposed hy the Flee For a true re[lection of the percen,aee 
1,1 1>' Supply Con],1,1,·sion wIN, the resill saving made po,·,ible on ihe [03.,1 unit . 0,1, 
1hat lile coM of tlearieity reaclial a maxi tile n:cent Increne In ilie Luit coM• Inu•t 
mum in ihe Sasolburg dre.1 at 111/ b:ginning be laken ink, decount whic·h bill then give 
01· 1959 A further inere// in Ille unil co,b 2 10[al coill / 6761.1. per unli hinghi 
M imp":d b> bcom Jurint April 1960 withou' 20,1 shaling 
and durilly Ii,]12 1460 a resull ,•f in•re:,cd THE TOTAI SAVINGS MADE POS· coaJ co•b .11 tile Commi•>Lon'M Generalilig 

III E per w hough Will Wn be as '•t]•)]ib, Ii] 1114 8/UWIng ¢/CU|411•1•il of ihe full/,4,: 
pei·ce"/: & s.,•ing ./tininatin lot / 11//1 et,D. 
Lhese fuil• Idl diereft./ h.ive to he Laken '/Ell Al per 'Inll blill il wl'!mu 

sh•d- 676/ 
*1 *.0 h true Conip,Ir,fan 1, / be To,Jil 111:lde, cil' pu• 1,/1 haii:fu .i,h lind 

sheddin: 4; 71>,d 

16 will be wn irom the load curve.. load Til:i|/1//linull!,i' [*i,1 

diedding wa. commenced during June I 954 . ./ing i. ·I'll uri' cogi 'I 

•her, :Irproximatel, 400 rela,4 had ken The passible uving, on nie i[Nalled. A, 1110 1•,•taltallim of alt 1523 S:,aburg 
1 k•Irlcity Suppl> Undertak;fi•'5 ele,1, i„4 riei,ing relays on waier heaier circull' waa aa·.ium for the vear 19(4).61 lia,ed on an anly imipjet/d by <he ern I of N,Kniber e.Limited Mal un' cons'inp'Ion / 

]959. the ,·,11„11/Lton. will he b,Rd m ihe 
1 f .000 000 unl[• per Annuill will then be tinul unli u,%1%1ifler fill ]521 =/gr¢la» 1 6,060,000 unit: x 0 0966,1 per unit. wmel' had len insialkd. The uverubc coN, per 

unll b[,ughl for the five m„,th period from i. approxim:ilely £6.400. A 01:81 of 1,600 
.!a. will hJ ir/:i led /+i .11 waier 1/,1t¢r January ]95'? 1„ May 1959 immediately circuits before the end of the pre·ent priur Mi load shedding Ed,# " follows fin•ncial #/ar ./ 111/ the ac:u.1 savin / on 

Kilo••11 t•• per w•,1 beughi Mximum denuand charges per rece:ver 
Unt cost •er unlit bki * 0 1.Dd init.alled wilt [herefure h:£4.00 Thearnual 

Tot' Co. Pr un[ baill 0.6./ maintenalle: co• of [h¢ remote omiral 
in,[allation musi however he taken int,1 
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UNIT COSTS AND LOAD FACTOR 

LOAD FACTOR. 
6 SOO 

TOTAL COST/UNITSBOUS•T 
5 SOL. - N . N 

A JUNE 1959 

W 
3 30 KWCOST/UNIT5 BOUGHT 

UNITCO•UNITE BOUGHT 

ELRi:!P 
E6 

2 

8 YEARLY LOAD CURVES 

I UNITS 8OUGHT 

5 5. 01/1»01/1 
£ 'i «71«1»11•51 MAXIMU' DEMAND 

5 2 
'LOAD CONTROL STANTED 

JUNE 1950 

FIG.11 
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accouni in arril,e at a NETT ligure. and In active inip/.es •le being Ii,Jecled will it be 
8 mpect Ili¢ mmn.ae lipure for the 1»xible [.1 A-,lav, relay ope,·:ilia„ bul .1, 

remole control #AN hal. been h.ried these lime. are con'ta,tiv being ¥"10. 
In he •hilling. per annum per receiver Injuble fron' 1 hl ·,ouree hal:. not yel Pmen 
insalled c,:perienced 

(5.3) 46£w,name ('card' /1 Ike Rrimne In view of pa•! exper,ence w,(11 0/ renlote 
'intro[ ./.[Ialion 1 .ini therefore 

0,/17(>! ./ /11... 'f lhe 
opinlon thal the e.ti,naled figure of 5,/- ger 

As pointed out previously ihe consum¢r a„„um per reemer inslalled will mver al! 
complamp; has ken verv low· si, ihai ihe po-ble Julure expenditure in maintenaqee mainienance co.[, of [he remote control cox,s of the r/eiving re],ys .in•1 :1.soci:,ted 
inblal[/ion and +Nocialed re,eiving rel©M ¢4•IP,ileni The ren po•sible:innual mi,&6 
over the p- 18 monch, h- been negligible on maxinium demand charge• per receiver 
A few minor inilial [=thing [rouble. were mailed can theretore be taken as £3.]f.0 
however experienced bu[ [hese were nio.tly 
confined ID faully wiring in connecling (5.41 1,/unwy up 
the relay itelf and could in any case rul be To summarise briefli then, Ihe pox,ible 
tied down to a faut of [he relay or the M Tr annual .„ings with a reninleconifil 
reniniecon[ro[ in•1•11:ition it•elf It L4 •Ome instaltalion on both :apitalinvestinent and 
linnes Nal that con.Imers will ioon attempt runnwig costs, 1% . follows,- 
to interfere with Ih, operation of the rela), {11 Ann.i•1 . 1. I r,K'. iiI ball . and [ha[ rice [he switching linne, are known in¥¢/ment •er receiver in•alled £2 6 8 

they will ·,ucceed in b>-paN+Ing the operation '2) An.]a] „1!n. in Tirnning 
of the rece,ving rela» A• Ille switching Ce•ls .. .eiver inslal. £3 15 . 

sequence of Ihe varlous conqumer group• 1 
Toral Annua' Sa,ings/Receiver con,[antly being varied to suillhe ownal /1: led £618 demands cha seems very unlikely Some 

consumer. have however i ried In by· pa •, 1[ can therefore he conchided :hal a 
rel' oper. lion by interrupting tlie .upply . rern,ile control in/allation a' ipplied to the the receiver€ during /11 impu]Ne Ner# whkh SM./hury network Kich theacrial obtained 
naturally stopp¢d the rchifen, operat r¢duciian of 06 KW off [he peaks per Apparently the idea was to rthlore tile receiver an,1 a total cost of £12 00. per 
"ppl, again after the 1 m""e impul" receiver Insialled, will pay for itilf within 
qerle, inorder „b retain a supplk zo the water aperiod / 2 „;2,· heater during ehe swltch-011 period, trnftir. 
(unaL/y for [he <·c,nsumer however lh),4 6. OTHER APPLICATIONS 
AM the oppo.lte de,ired effee[. becauj,e rhe (6.]) Rrn-· C,„wi,4/ed fi,prf recei ver ha i been Ue/,rbig designed .0 * the 
mjectio•, of ana/be mpulf IiI] START i '1011/11 >Ir· 

the receiver and cwitch ON ihe relluired Aparl hn] it uisa n,eanx of Adding 
/hannek where I (he „bsence of an :Tive the lad during the peak periodi, (he 

impulse will %w] h OFF Ilie required financial •ving, 1hat are powble when 
channel. AA the Niarting conta,1 of DIe remole con[,1,1 equipmen[ 8 /'Mo used for 

relay is cloxed once lili START Impulce has La,ntrulling a Ktrect lighting installatinr i. of 
been inj/led K interruption 14 the 'Upply mailr inpl• 
b not zipen Ihes¢ conlac„ but anly slops N (,rnially a streel !12 ht' 4 111'tallat]011 con- 
the relay from operating, Revoration of [he dit, af a 34·parale c tile or piler wirc net- 
%uppl, after an imp,]ke wies will cherefore wi# me comro] of whiell i <upervised hy 
set the reaiver in motion :„airl. and „ either lim: Mchex. or phuit„ ele,tric celk 
de[Ne impulce. are (Ment /1 merely a The coq af Nuch ./1 iNallation m 

H,vitch OFF ihe various channek What this acci.unt tif Ille vist ge..gratillieal lin,it. of 
in fact means t, that the consumer „U the Electricily Supt,4 1 /:rilking nelwork 
.witch <in hi, controlled cir.·u,1 111 ,nv .11'.c. %;11 Iend iii be radier hioh .widlherefor¢ ah.o 
Only if we %•pply L. inierrupie,1 hek# .ine of the min read' why mi- gren 
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lighling inhullkilkin• leave much w be have tl• be large enough to maint,In .uncion[ 
di.ired fur In ihe c:,ge of a rein„tely w, vollage .t the end il le line. On the other 
trolled •treet lighting iri•killation die cable hand il wi. t,>und. lhat sililli,ent $ Dllage 
<1]· pili wire 2 [work can he /.pen od with <ould he n int:,ine,1 with :i .m.i]Icr cable 
in ihe fill(iwIng m.,imer The ;treet lighi 1,4 1 the tee- r eire·uit* from ex,%11Ilg IW 
connected Ihrough , >hart lengthi „f cable nr le,ibilin main, /, the Irect lighting liad wa; 

Filot wire h} the netir/%1 9.ILILy )l,W.Le/1,1 il ;mall m relation m the irtem k.ad and 
ria.ir •hlkh i. fe=ding ./.r hu'u·.e·. ill ...r could he event• dihtributed over the emire 
1(,w-len,ion c,in,[inierg Each *treet light i, lowlen.irin nemork //„/ affecting the 

then equipped wi[Ii a [iri•lective fl!42 :,/ crom' se.Tion ot exiaring Jaw ·lin *i,3/ di'- 
remotely 'i•ntrulled raeivIng relay the tribul"ri 
functi„n of which .,11 l·e to "u"""""il•ly in rhe ca,e of a recen[ new Sa, 
iwitch ' OA•' an.1 ··OFF" ,]hurg 

1]ie .treel I;ght, c\In,ion to [he 'reel li•h[JI'. in/:/11:[Lon 
a[ the reuu,red tinie• 

ihe e·tinized .04 af :1 rer,10[¢Jy con,r,Nal 
The crov. «Ii.in of cable• neceBary f .r »lem and a conventionat able nemork 

8 Nel}Hrate .tre¢i lighting cable ne,w,irk #il] *em was :i' Milo*:- 

COMPARISON OF EXPINDITI IRF' ON A 

STREET 1.K,HT ING INSTALLATION WITH A ND W l-1 HOU 1 1 E MOTE CON TROL 

W€:hiti,I Renuiw C -trid i. t Wi;Ii With Remotv (imt,/ 6 Wiihow 
a "epuruic' C i,ble le,1,·'irk. a Si·""i' C'ale N"'rk. 

%,1/.ion Con,ral p./ includ·ng Iime 1600 fea 4 cable @ 1/6 rer ft. f 120 
•w,!Ae. con//,1 gen' 'I. .[rec, light 
feeder fl,n IM]0 lect of cable laid * 1/- per ft £M' 

20.0100 fi 'ir cablc @ 2,6 per fl {11011 131 Receiving rel-I £1200 f 1 •10 
30.080 r i, r ohle l id . 1 / Per f L t [MO 1•f LighlirLN •Lind i. @ £7.0 0 fN 7f 
Ill ligh,ilig stard'irds I £700 £*71 

125 S[reet light lin[ern5 @ £38.1) I. 12' %[n:•[ 11/'t 1.,ril•rn N @ flO•1 £•71 
P•ile cre.1 ,•,1 cu•!4 £1(*1 P•,le Crecllel'.,1•!4 £1(x] 

•'ah'ee,innit·lien CLhl. £1011 C.iblo 'ipnecli•, cirni £41,0 

/2.1 £.. 
PI,!Q C,inl'ngencie• ./ Plus co•iing:ncie' £1/ 

rOTAL COST £.710 1'01'Al €'OqI £3900 

< 0/T/STREET 1.I€,!!1 'SAY) £46 COST/STREET L.IG! i. iSAY) £31 

1 he Navin.i. per .In:el light erected on an Il/el lighting in•tall:iii:in The tralis[,Nitting 
undergm/ r:m.itely iantralle,1:treet liglil. plan! :tkne woill] co•t appn],Intlely 14.000 
ing »tem iherefore an,imb to * 1194, in.·ludin, all crection zoi•, ;parex, te,Ling 
The full e,•t of [h: receiving /[a> ind part 4//18 N. which ma da[ for a 

c,hth [4 [lie lr.in•milting plant ha• ako b•n minimum qu:inlity af 275 receiv,ng relay, 
proP,/Ii/ned in the <ireet lighting ing:,111· Ihe co„ of ihe tranhmill,ng plan[ alone 
tion so thia[ the :thone .on,pariwn c:in he would amount to approximately £11 p 
regarded /1 fair. when the /„ni i ud rece„ing relay inialle,1 Therefore onee the 
fi,r h i,h li.wd .hed{Ii/g and .tre lighting street lighting system I [arge enough and in 
e.intri i! exec • ot gy. 300 .iree[ I ight M, ihe proviqi,m 

However. il £ interewing lo note [hat it of a remotely cont'Aled in"Inkn alre:m> 
d le,"(,le control •I[en) r. UNed «11:14 flir hecona :1 Mable rn,/isilii)n 
con'r,11]Ing a "re' ligh'Ing inc[:11]:ltion then A, nin[/ined previ,iusly (liereft,re the 
the full cosl of Ihe rece,ving rein>• a / 11:in, pro•ision of a remote coniroj 'ysLen' ca. 

m[Illng plant uill h.lve to he hurne hy the he fully iuvined when ue.1 either far load 
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Nhedding or for ihe con:rol of a greel rchult of the Nubsequent hiph con,implion 
lip],ting inxial]/[i,in. but when n/d for the in elecirici[y in thib .ire:i I reqi,e'l '2• 
contro] of both howeaer, the imtifiL ition for received trom Ihe 11,>•le] Superintendent 
ihe capital oulla> involved ix imme.li:,16> #hether *imetfung could k done i„ th j 
improved. m/„. 4. the install.ilion i,f lime witche. 

The with overall associaled c·,inlrol unit cong,mption of Bear or In:,nual :cin· 
a 

tral Would be·nme rea*>(el> con[rolled *reet linelononue be,Ull,/ 01 lightilly K.,11.1- 
1,igh mainienance inil :,dji•tment [Jon /houph not ineterd 'emate]>. co•1•. il 

ean 
e decided [o 

•cry cailly be calcul:ited a. Ihe actua] burn inve•Ily,te die /.Mibihly o[ 
]ng hour< :roW" the "pply of electri. lt•• 12 41'ju (,T :/ 1 „„p, 4 acci:, 1,el> dele, h [he INAN nined by bungalows of le !.wilching t,n». of Ihe 24 hour frceivn,8 

re[.s dircit 0,1[0 [he supply m:,6 As the programme ch)ck An arglin,ent sometime· receikr i. rai,Ni .qi 25 Ant/n, 220 Volth for raised again* a ren„.lel> controlled u„der 
ihe ground „reel ligh,ing ir!.1.1|lation lighting loa.i 

i. 16.1 pure ohmie loads and as 
a 

m u 111 pll c i [ y of per bungalow was only abou[ 1 Am/, 1 
l ee -,A lt c a ble con ne ctio n' fro I 

bun&* could . control[ed ex/ling ]„8 * on. 
1:n,lon ululerground inal,ls wlll 

receiver. Th,s eventuajly [ell arringenion[ was Mund I) unnece'./. rnierruplloll• very 
and a' present power i. only m The rn#er ,upply lo Lhe i.a[Isfactory colisuiller, in The made available between Inxet and event & sunrise Lruuble in Lhe tee-mT „reu/.s In 

and k Sag|hi,ry .here eontrolled frorn the cen[nil Ir,in, *Imilly 6 litiuse Er.Ke 
connocdon'. are leed·o•r one iingle I,iw milling Min. ihu• eliminatinu mainten· 

ance and adju.tmenl L...11 on individual Linne te/lon undergrolind d,/nbulor •able. 
experience has wkhes in ch, down thai during Canxinipimon of electricily 8 ye,LI. 
of Nervic¢ area h„ since returned zo normal. ni, lee oit cable 1 nint tiouble 11/# 
been ex/r'ence' apart fi·om the ocea••ci,ial In [he Com/,und Area of *he Banlu· 
daniage [0 under/rm/ cable, br other Town,lhip the R:intu F mployee. / Ihe S A 

Btances when crming tric'.e sen ice·.. Coal, Oil and //Corpor:itionk failary are 
being hourd Altliough a 

A, •incilar problem a result of Improved cable jointing Mfronted Ihi, section of [he [Luitu-Town- 
pralnee:2/ 4 / correel ,/pervi ·aon, 1 think ship rerdin, electric light• th;it were never thi• isa rid worth while I.,k•ns/niel]Lirly f.wi /hed 0/ dllring 1|le di tinme [he „,lutron in viw of the large linancia[ 9// //de here wab not o •in,pl:, Fir•tl> Elie majorit• pm,ible thereby d Employ» hou.ed / the Compound. do 

Rhifiwi,rk and us w,·11 make uge of ihe (€14 } he Al'i'Wralion 4 U Remti. ( unng Quarcer• and Abluti<iii Block# at variou, 
Sylein . / 8.i. l'in·li'/ hour, of the 11%11(. The,efore, U &*L,Ch,]16 

Apart froni bd ··heddLng :ad for progranime ha.1 in he deermined. and after street 

lifhting control furtller Iniere•Ling applica. a •u rge> w :r, made „f ih ¢ actua] ti me. during 
Unns of Ilie whi,h a •upply of elearicity hart m he made remote e·unkrot »lem wcre to 
be found in eont„illing Lhe ,upply 

availahle 01 dec. lo the Quarler, and Ablullon 

tricily in Block;. v Ariou' section. of die Banlu- receiving rel:m wek inxlailed. 11 
8 then a very .imple matter „ Town,hip a.·him 
in, 9,[ching aperalkin required h 'he 

In the Sarolhorg Bant,].Townst,/ pro- Compound Manager 19 ./aling rhe demil vidun iw made for The houwne of time. on the 24 hi)ur prommnie el:,ek 1,1 1he 
411 Lnmarried Banties in Hthtel, central ir:iliwittilig•lation. Funhernlorc. a, 
(2) factory rmph„'ee, in Coin/,unds. 

22 /,uhle coninul,ids an be tran,mined 
and »ith & initallatkin it m pos•ible 64 

·/Wele A n•#1„y channeA reql•ir/4 kir 
(3) Marrie,1 Ran[LI', iii niarried Quarter#. the eon,rn] of eleclric Ii,hung in ihe Bantu 
1,1 the Ba/u-Ilovel alea Il was found lown•hip v.itli„M interfurence to 0(her pre· 

th:it Ihe electric hellb. m 11104t or (h¢ f/rential channek 
82,4:alows and Ablution Block, were never In ihe rein iriler of the Bantu Town.hip. 
%witchil off during Ilic d.iy tin,e A, a th:it ,# hi the Inarried quarlm. each 110111 
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hA been provi.Icil w,111 a ,upply i,f ela. linie«wi'che' i'r hv ine.tn• 'if supervi'.iry 
tri, ith kiclher with %!reet lighliil whidi hi, controiL W e may he wi,e ill making our 
been mide anitable in ev:r Y .treet 1 Ii: p|an·, 0.1w I •r %•ater 11//ter# w[[h 1,i id, „t 
acit tkyhte 19"- 1, rernately :An· perhaps 5 K.W :in,1 10. he c,>nbider,11/ ih, 
troltal •nd a• alreaily,hown in de!.1,lin appropriate w•y, ef .,innec,ing 

the<e " 

th,·. paper. tfu·, B anT> 111* p,w/le by 1 am <,fihe 
he tinkincial l,ptn](ln Iihil 1|1•. Hav hec•ine winpwhlaine/ Iherehy a. the an fund, made available for ihi, kind ]Rip'irl:in' of krvice 01'/c[ i,f di,nies,ic 11,8 er 

supply in th* i untry a# 4/. hecanar n„/ in Ihe Malilhury Banlu Ti.wiltip wa* pery E-]ectri it linitted ' Supply Under[akings win be. dr 
arc:dread> fiked wilh :i . niilar problen, In 

Once a ,;upply of electric,19 ha• ihert·fore *hi·, re,ped load ·.hedding experience in 
heen nuidc available [d the individua] hinme• Sag©[burg ha, :I.i. .hi,wn 511.11 :11 lea,1 13* 
in n B:In[Li Town,hip then adequate ,/treet of le tat:,1 load [aken Juring peak per„d, 
lighLing uluch ;. .lka regarded I an e-,dal ], due to the waler he.der bad and illat 
,/rvice judging fr,irn previ- pupen :ind approximately 25% ,/ the total in/,illed 
di.c'lls#inA ile|iveret] al the,e Convel,114.114. water healer load enuld be 'he,] during pIt 
can he provided very economically w# Lhe periods 11 was filnher evabli.hed !11/ the 
ai.I •if : remole tantri# 9/•' o•ntn•I i,f i 30·gaIJ,10 capacit, water he•ter 

i. rather crilical :13 die ..ilih „/ peri,/ had 
W be kept within reaw,nable limit< if Ine,in 7 CONIC]•IJSION ¥enience m the con·.urnm wa·, In he mi{led 

1 think 1 wilda he which failing in my duty if 1 i. even[,al wid, u„> ioad clieddirly 
did M /,in, i- thal imm with ]31,1 oper.Llion The in•talla[I,in of 3 10®,Il, 11 
shedding can only h,· achieved if the ne Mirk capaclly do/le/ic water heater on Ihe other 
under ,·i,inral h„ rullicien, hand electrical w-Id nal,irall, mean thal far greater 
app@,ratu• which can he Nwilched i. durine sucee.; w,[Ii 10:„1 ,hedding e:in he .9/hieved 

ihe Fwk Whe: 1/;.:,[Rm, a, the h„wvM, .wilch-„/ per,i# im he inerra.ed arn 

b Lhe W of domet· water healer, c in#Wer,hly 11 .hi,ukt the,1 in be ro,ille tu 
up the valle). ' country and €Ire'here fill iin the ]„ad mrve. (Ii.it over the p:11 few 

r=-0. m ha, r/:Ihe,I +1/Ii prriwir,Illi]• th# nornially exkt t•tween 22 8 3 h.iur, and 4.0 i 
).l Flectritit> hourN Supply I Indert:,kin* with niu,t a res'llant greater inipri•01[lent 

fulr in Ihe •upplyine a dini•unt 1.mil facla. The ink[:11]all,in of .4 a „i,wer 1• Ihi• 
kind M=.tic 50-gal]Dn appar,"1' In thi·. c:apacilY d •n•e•lic wer healer. re·.pect 
il niay he / intere,1 Iii refert„ the fi•lit•wi•ig aptirt fri,m M iniLial greater i.ga|•ation ca•l. 
extr:/c frimi a paper read al the Melfth ME [herefnre eventually ray hand„ime 
Rrilixh Pliwer Convention 431//3/11(19 a. [he vile „t heidi / Bourne- electricit> during (he 
ni,il,th. Unred Kingdorn 01 peak lal year hy T E peric.6 can he / :1 very Im tarm, 
Dalliek on "r.leuridip in [he h„me." Generally xpeaking. hov.ever it •ai, be 

Di,p,;al. ,/ electric inmier.„in lieater, Naid 1]tal a rem•?le ,(•ntr,11 in•[allati•,i, will 
in i he la,1 >ear „r twii give :, ,·Ii, r ,[ilica· he ju,tlhed where the Flectri,]ty Supply 
ti,>Ii Uhat we art= rari,14 nli,ving b,vard, 1 11]er'king nuike. 'p.ial 'tort· ar al... 
1"61/14 .:,lurallon In (hox /&14 hai a sufliclent numbel "f J,1]]•NIe water 

where [he riumblne arrangement• pemil bealcri ]-alled :0 th,Il the liia,1 failor cari 
a healer .,f ihk kii,1 1,3 he uried. be imprined hy the addlli.inal 5/le / elec. 

Lrkit} during the (,fr pelk heur•. This will 
It maybetht „e :ime I •,pronune f,ir a|sl, apply Ii. eleclri Im& he.L,er, which u' to con,lder heri,ni.ly Lhat builder. lf 

are bee'()mine increa•ingly more 1 /ular filir new prl.perly .1,121,1 ir•1.all 1 I,ater the .pace heal,112 (f ilfilve< vi„h nt alld p/|le 
not le• thum 50.gall,i• capacit• huilding. during the 0/ aa·ommodation pak hom with •ullicient far them 

to be pra perly heat-in./1 1.ued, if ror now. Rriellv Then the following conch,Nionvan 
at a h,(er dine x,i ihal Ihe load con he he m.,ile when con,ider,ng thi, que,tuan „I 
t.iken .mt •,ir-pe:,1 11„ur, :ilher by Ilial ren-: pir '5:,lon,rol·- 
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l. One¢ an [-Alri.ity Suppl, Under. = dom*. preint+ will ....# 
Lakine'# digribili i# ne:w.irk ha. ·./r· be Ju'jit'J e,·peci illy :R 'lick c:in be 
:lent el/tr]La] Ippard'UN Inbld]1:d hailed up during the ,/ /.ik hours 
•hi,h can be muched orf during Lhe wi11.. cail•ing incol.•I. e .i Llie 
pcak period: 1.1:1,1 .hedding become, con'unier' parncularly as the di'n'Nie 

enomicajly Ju,lihed buth on capilat demand f,ir pinver m,1,1 ,/1 /e:„c wiIh 
inve•[lnent and ru"ine .0,1. <}f the the ri= in the living standard of our 
di'tributi,in sy:em. C' I" U 'er'. 

2 lecha]LA|y le 4/eni nju.t be of a 6 Apart from the husine:, ,/ keeping 
w .ound design if irouble fra the peak ]/ail kin,ler /.intri,I.,he .i,Der •uncrierenee ** I . * avidded «fir¥ enninnl i,f r¢w 'trect liehii"r 
and rhe niaxinium henefii. :an be ins'ai[]11£,3,1, b.'ime: .in 'coinm'ic 
derived Ininx [he load hhedding OF'L• pr*IL. 
lion. At the -ne tinie Jmplielly / 
con'trucli'in '/ Ii': 7 Once . re... conini]...' of vilri' A u. componeliti 
mug he „b,er,/ w ihal nornial eable w 15/ har. been -:Ille,1 it A 

r['om faci|[lie,und .la / : en handle the ,£3'31, reali=[ iIiat 11/511) additi,m.11 
maintenance,/ the func42 :irn '«en' he performed which will 

3,1/ e .1 /2,11.elve. aln"i't inin",dial: 11 1 Fron, oper/ing experience 11 11.L, b#/1 1 1 th, Supplv Aull,„rit> En,incer wi,!1 c•tabli>heil * ihe m,jili•um pe,i'd a particular pri.hJem of thih nature 
11 30-galkin capacity iater healer can 

be Lontr,lied , ap,proxii"let ]1 It n•,1••, Il,iwever. he appreciated 1111[ the 
houi Juring meaveningpeak. und 21 in•lallati,irl l,f a rem„le con[All »Lem hy 
hdur·. during the morniny peak, with- an) F lear,city Supply Underaking inlmled 
out inconveniencing the con•un•er. primaril. 1, keep the xyster" Pedka under 

4. The /le of dinne// water healer. in 0/, will need a ihornu•h ark] careful 
$ of [he country arld eliwhere anc,14 of Ihe 10 1.1 , haracterMiL, Wenn l„ 
Indic.tie [h* Inm, Ele,·Iricity Supply .5/en, hill al the •anie lim¢ h Wl) / inled 
Inde/'// rnust ut pre•ene be M 'liet £,ther .1,1,]ic:a'ion' e'ixi. alian fr" 

"p 
Flying .H*Werable Re hus'ini. id amoun, of keeping I he pell k Inadk down. 

p,iwei 
tti thi. kind ,•f :J)14'ratu.% during peak Ihi,Ii ean fully ]U,lif the 1.1,11.inn of 

Ii,ad peri; I• the # of 53,4/g #ueh a sys[em 

Ihih .miounh [0 ai'pri m.Iely 33% of 11 conclug n i, i. hped Ihal ihi. the t.lal paper Innd taken Juring peak will wi a u,ef,111,u,Be in making avail. 
periods. where 1. 29% af the total able yime irifi,rimilioil rel•iling In thk 
in,lalled water heater |i.ad oil,]U k 4/2,[ion imf h,:Id „r re, 01¢ c< inin.1 and I 
#,ed during peak peried, would 1 ke 1 1 [hank the S:,fi,lhurg Village 

5. It would appear thai the in.t:111/1,41 of Roa/ ./ Mani.ement f.ir the oppor,uniz 
larger imp.,ch /„.alic waleT heaters ct pre.ent,ng thi• paper r,i Ilie A»,3/1/m 
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A\IN 141. REPOR'I 01' TI[E 11) urh n, C i,uncillir Cyril Wilne. I hi) a ]21 
g•CRETARI[·S i.lihially lipencd me Conven[Ion The uilal 

aitjac of meniher€. delegald repre- 
1:86. oinciak, vi>,lon and ladic, 

To ihe Pre.i lent and Member, of di A-. ani"/Ined 10 50]. 
ci.... 

On behalf of lh: Praillent. Membel. / 
Mr. Pre·iden[ tinL]cm•Ii. the Aw/:,tion and.ill lither. who allended 

1,/Ive, niegreal/Je.„Lirel,1.,Ullmil li you I lie Amventi,g,hem Indic >Irban(·31>Hull 
the Annual Re// of y•,Ur A,Nocialion I. 1 8,/ ptea*ure in recording appreeit /0 10 
gether will, the Revenue .I,wl rxpinditure Hi. Worjip the Mayor and rily Giu[,cil- 
Aced :Hid Balance Shee, fin the kinanclai b of 111£,1 citv for [he hlhpit:i y euended 
4 ended 28,h February. 146 I mihohe wh,iattende,1 the ('mivenli„1 I albo 

wi.h iii extend In:ene [harlk. m Ihe (1[y 
€ unct] :ind i n The v ir 412 ,/iciak thereat (}17""Fy for Iheir [inlinled i-**in [he ormini.a· 

· I deeply regret 114,VIng m reuird the pais [Mn if Lhe ConInG>n 
ing ,/ Meniber# :inil lihm wh, have bee]• 

11,1/2/4 4,1' Lhe Aw,Ki:iti,•,1 I ir'[|y. | Ta Ihe 1>re•ide,il l ]1ive n••h pleasure in 

7/f,2 41[o refurladle(rae,c<|euthol(i,LIncNlop 1•laoligi. recordilie.ippreei.,i,on ..tcon- 
ald of Durl,an, wll,<2 airer,ifi wax re· cerned fur hi, d,•n,Iled and effective die 

iried niMi[,u .in the eve of the 3411, Cen- iharge <11 hi• dulin Olir grateful ihank. arc 
wilion Councillor G,]d •ened iwi tly© ali iwelided lo Mri. %!niphon for 11¢r .up. 
Fxecul/e „f the A•.%1*.i.LII•)1• ./ 

A,uitlier € „uncillor repre.e,itative I.3 rhe Althi,ugh I a,i n. i wi,h t, intrn/M Ihe 

A MELI. E-imcill r A Martn':111. one di priedent / Ieferrmy / the Presid¢mia] 
M Eli/W, m/ /0:,r and ze· Addre•% in [hc Annual Report. i mve Mr. 

ful Ma/M fnnin 1958 10 1960. paced away Shnihon'; indulgence in * inxiane, 6.> refer 
al [he he/,1,im „f De.·enmer, 196{1 1,1 i,ne .Ii.pect af hi, ./drex• al ihe Durh.in 

Ci ntion Ile referred 15 Ihe tio•ibilitia 
One of m very *ty Mmben Ir. 6 „f h,dro yeizeratilin Of' elearkily d mir· 

Mer:Ler (un A-Gate Member at 1lle lillie []cular refurence. N.lai h I. .IgnM,ant 
/ Iii. de:,Lh) amid wl,i, w:,4 /4.Led i Memb:·r th.il tell. wing from Ihi. we ure e int. 1 11.m 
if tlie A.„,Ci:In )13 111 1914 when in Ille ./1. Lhe ple/.i,re i.1 h.,vi,11 pre,enle:d t„ I. .ll I]le 
vite f 11„ Hellial Mimipillily. •IN 1,1 Sep. lil ('mention .1 1,104 in,i„ ill:im ihiper mher. 1960. emiL]ed ··Ihe 1 kill,Ike / Hwln, 1·|ectri 

The Aw*iNIi,in :ind i' Mcinbeh !,ht 1» er m [he 1 M,in of St,„h Afrk• " 
1 

great friend 1 the 1 1 .ilig 111 M:,ji.r S C Tle lini paper /HN 1„ the (Conven. 
Redin•n im thelh Jurne. 196(] Ma,ir Red- ti,in w ··Si,ine Ee,ill,imic A•,lect. iii 
man Jame. Si,1,111 Africa in I937 [o hecome Nuc•e.ir INn•'r St,dion likrolii,n'• by Mr 
thellrd rewdent parinerof Mer/ & M. Lellan W. hric #illi' D' 1// 11_D 
4%„Irh Africa) 1 nim Ih,1 v: Lr l)|18,nli (Alber,al. M 11·r. MINA jI.R.E.. Sen 
until 1954 M:,Jor Ited,man .,tlended every Mrm I F.E.. Prwfe-r nt 1-Inlric.LI rimin· 
CH,velion iiI the A. iciation In 1416 Lhe eeran/, [Iniver•ii, „f Na[,i]. which wa, 11 lur· 
A..ikiati N /1 [ended hanar:,ry Ineinh„.hip [her 6:6 468 Mi lhi· a,pe,1 •,1 
iii him In the tie:Lih .,1 tlic Mal/r 11,0 ek·clricity Auppli whgh al,liliug lint i, 1,1 
AM.EL. and all other• whi, 0/e priv 15„.11.1| imp„riance Municin:Al Fle.·tricity 
w know him have ki" a ere Inend. N "el Litkinp m Nuuthern A frl:l 1% Line 

penileman in ilic fulle„ son.e of ille #ord v.hkh th/, carin,/ aff: rd 10 I,w wlit / in 
ihe miint i,f view i,f fulure dev,kipnient, 

lh: 3411, Convention 1' the A...5.,tion -1 Ii: ne„ p aper ji) be '}re,2 ited w.1. ·'A 

B hold i„liurba[, fili[+ 1 le/:iy. W M:Ly. Nurey oflhe mir.4 0! Slilee Livh,ing'· by 
1[160 iii l:Al. 68 Ma>. Im) 1*ley.ile• Mr 1 T Wa In it> pre•entilion Wr 

.ere .L·Icin,im:.1 hy Hir Wor,Im} [lie May,ir Wood r. tem:d 1.) cer/.un 5,4 pech of [11 2, huh. 
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N wih were 1/ uivere,1 in 1[le 'R'd 4&'r 4/mbi'ri· 
w in W (le paper. an/ 111 parikulardealt 'J. I] Gre"e (Nckpruit). 
d equiplneni ntle available for •nill hall, W Bon·c,ko (rdenvale i. 
al u miler,tle price r R Waldn,I IWil„• 8:,yl 

the imal paper ··Ell"" ]C"1 Pn,lec•i,in i)f 1 Billi,iff (Cell} 
Di.tril,ul„il, Sy,le,In" by Mr J Michel. I J Gripper (Kny•11:1). 
Smith. B S.. (Irli• 1. fornierlv '1 1 11" Flec- J ..1'rel,•riU. (Nigell. 
hu> Depurline,i. C·hy oe Durb:/, mked .....U 
inform.,Live discudin 

J J Gree[ (Whi,eliver' 
The #Me on Ihe quipply i,f Eec· V O. Flint (Middelhure, 1 r<14¥d.11). 

Ah, 1.1 N/iTc Town.hip. wi. a D).t x- A s"wime Membere A.ful lealure Mf the Con,ention .ind I wih 
to thank al] those who prepared contrihu. W. P 1-ord (Centrall/ectricily /,irpora. 
ti,in, To Mr G. Ma„,in of Ihe Ele/ricily thin Lld.} 
Departmenl. lohannihir,. vie are par[,cu- 6 B 0,[I (7.ulutand rlettrical (Ililily Co. 
larly grateful lir h' d/1// 5,„rk m pre (Pty.1 Ltd ) 
Daring a rIirI q /le,·irical work planned At|'|'•e Mci),147• ir in priwren M the Natiw area, The 
exchange 9,1 informau,41 ihrough the *}mpti. N.V. Neder]//.clze K.,helfahrieken, Lid, 
lium •a•. le al I.....i. of Vale t. all The Mitilwing re•ign:,[ion• tii,ik place: 
Meinber, inv<,Ive.1 ;11 111/ pri,blem. „f clec- ' './.dhif Mimi e.: 
trilldislribulki n Nai•ve are- 

Ge,m Milmip.ilizi. The high ,undard of Men•ber,2 rerum 1 pingti' I.ni•ipalil>. M .i/m well m.,im.,ined and inir thank, 
Ure .,gain due jo Mr J Milche[1 f ir wi]· Aild,I. ilie,•ih<·r·• 
ducil ihe Forum. A number of que.Ii,in, Prelciril,Metallnd"irie• L.id. 
pr„ik,/3 1.5 the n.ruin cq.ncerned ec:.ilen,ic 1.•Im en.wn L.and &,iler, Africa LId 
a.pect, i,f Municip:[ Electricil> trndern,k· Sir Ale:mder Gihh & 1 arttier. t Afric.i). 
ing. .4 /, hi.pe wa, expre54 thal Ihk Mirgan Crucitle OB]pany (NA • { Pty.1 
IN )6[ inip,iriant 't•peci •i•uld be 'la with Ltd 
lurther :11 .i whiequen, Conwm The L.ux.ika 1-1•Irl,Ily Corporat,••n Ltd 
•ug./.1, i' re•eiving the me·a N.ni.' atien- 1[ran.rred). 
M ilt 'he Im Di¥: COU,kil. Can,parative Ii....hip 'gure' are . 

Thd Colnenmon unanimou* auepted the Om, 
nci>nimendation nf 'h¢ 1_xecutive Council 195'i60 1960'61 
th.il Comicillon C F (·Wel'n and I P Councith•r let.•ber. /0 124 

hic, i,f 1·11•,emfi•,ile,•, and Springi. re,·pee- Engineer Mer,len. 118 
theh he eleue,1 H,wi/ary Memher, ./ Ihe 11 ...... Member. 12 1) 
As•i,cialii,n A-cia' Member' 3() 2/ 

11 /,I mM.4 */ ti <Ii·/epl the A·.••,ci:•ie• 10 

AMmof 
0/ Li//di),ie Lii h ikl the 35,h Amliaa .) 85 

3,1 en [0'11 In th.li [,iwn 
& i.'ll,; 

1 he 1//91]Tie and 1 xpe,/I/ure Aer•,u /£ ftir 
The folloi,ing new member. were ekited [he ve.ir Under review am] ihe Balmice Sheet 

during Ihe year ended 28[h Iehruar>. I';6 I : u, ai [he 28111 Februir, libl. i'.11„h are ,ub 
c p ...€£. ,„in r Wrmb, n milted Ii, wn cul] f..r anal>w m view· id. 

i,lvi• Bay Munieipailly the M.i th:,i an exces' of expenditure 'iw 
I]Irl,ine of RU6900 /285) h renecled & Riw Municipaliw nerein tnderhlilpark Municip.1111). 

irlet,*nville Municiplity The niajar increa,e il• ui,1 •tru•(ure i.ver 
nhnal Munkip:Al•' [he premu• >ear, mi.unlill Li, R624.0(1 
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ASSOCIATION OF MUNICIPAL ELECTRICITY 

BALANCE SHEET - 

1// 
R £ R 

9.490 ACCUM 11!-t[ 1.[1 171,/nx 4.460 8.92(] 

8.184 Balaix¢ aL 29[h Februarv, // 4.745 9.490 

306 8.4: Fxce.0 / r.xpenditure over In. 
mie f.ir the year end/i 28[h rehru· 
ary. I 961 285 570 

//(>VI.[0.S 179 358 

178 Agents' Comnwion 90 18/ 

Sale• 89 178 Commission . 

1.796 Si MDRT (101)11•11(• 

SCBS{'R[JF! 11),5 1·4 AL)"ANCE 496 992 

Di·poil™ 0,1 L.[ve„.Ni' CbM-NrioN 
1, m/.w Expi *sks 1.851 3.702 

Gu.1'1'Ric!,vil)1, ADvAN E FoR LIv[Io- 
I·Jo•I ....1.. ExpiNSES 250 5/ 

R11464 £7,236 R 14.472 

DAVIDSON AND EWING {PTY ) LTD. 
M R. G. EW]NG. 

Secret./. 

... ul /: Audito. . L. M...IM of le A.ornli©n of Mlink,ral Fle... Under'kin' 'f 
We re,>prt Lhal .4 'e ex-in' the book' :i. i,·1'.ind voL-herN id i. i.•ciailon for ihi 

re'lved .il] thu inlor' in and ......../ required. ir, i.ir 'pin,(in 1..ibove ...... 5//1 i· 
as . 28' Februar>. ]94 =crding 10 •hc hes, i. i•ur infornmii,•n Ind Ihe ....ation' given 10 . 

Johann•hurg. 7lh March, -1. 
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UNDERTAKINGS OF SOUTHERN AFRICA 

28th FEBRUARY. 1961 

1[J. 
R f B 

2 Pl//INT]Al BAIX,1 1 2 

Nominal Val,le 

1 |O FURNITURE AND F//iNGS at /0/ les 
depreciail,in 49 99 

7.930 1.vis.rM'.1. 4.155 8,3!0 

200 6/ Perninnent Paid /p Cla,s "B 
Share= / R]11 each. full, paid 1.000 2000 

Fixe/Deposit 1.997 3.994 

Savia A:ci'unt 1,158 2.316 

I.876 1)".Ilt/l 1.050 2.{)99 

40 P/4819 1/ Al>VANCE j82 

20 Di/eur 
Davicison and Ewing (Proprietary) 

Limaled 10 20 

1./6 CASH 41 11-: 1.88() 3,761 

R11,464 £7,236 R14.472 

R . M O . S 1 w PSON 
Prnidem. 

9011,hern Africa 

Ye·,r ended 28[Il rebruaTy. ]96] i we Ila„6 liatisfied Jursel» ef Ih,3 ex,51ence 'f the Re-ieE And 11:,ve 
properl> dmn up 50 as jo nhibit a true and fair uew of 'he 6.12 1.[ lh: affairh of ': Al« alion 
:ind .1. %hewn by I. book• of the .As•ocialion 

SAVORY, BRINK. CREMI'R & CO. 
Charter,d Accountiinls (NA) 

,!ud•fOf• 
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ASSOCIATION OF MUNICIPAL ELECTRICITY 

INCOME AND EXPENDITURE ACCOUNT 

19/3 
R £ R 

38 Audil Fee!960 1 38 

2 11/ Debly -Sale of Prikeeding!; 
24 Bank C li irga 14 28 

2 8/2 Ciinvemi.„1 Expe n. 1,940 3.881 
12 Del,rec inon-ruraliure .in,1 riging< 6 1I 

592 Exccum Council Expenses 363 726 
34 Ti"urinie 9 18 

174 Pn,lage. am] Telegr:* IGeneral) 69 138 

120 Pre„lential Chain wrillen off 

678 Priming and Swihinery 175 350 

O.206 Proceedings 39 78 

1.8(K) Secretiri:il Fees 900 1,800 
30 Subaripri.in, hid 15 30 

116 Sundry lixp:]he• I3 25 

70 Teleph ¢ 43 87 

R6.376 £3,605 R7.210 

ASSOCIATION OF MUNICIPAL ELECTRICITY UNDERTAKINGS 

OF SOUTHERN AFRICA 

Schedule I 

PROCEEDINGS: 

CM[ 0/ Printing 1.946 
P.bvis'in " Sale' Commission 178 

Provian fur Agents Conimi.An 1961 tHO 

7, 1. Cherpr,wkion for Agent. On,mi.,ian 23 157 1960 . 

2,281 
1.r'.i: Adver'ixing (gro'.) 1,783 

Sale' 420 2,201 

Nel b)„ :in , lie i,f Prnee/m. R 78 
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UNDERTAKINGS OF SOUTHERN AFRICA 

FOR THE YEAR ENDED 281+ FEBRUARY, 1961 

1,60 
R € R 
384 1/ereg - Fixed Dellii« al Saving• Accolal 190 380 

2.790 51!bscriptions Afriliales 1.384 2.769 

3.506 Slihiri/ion,-C,u.U and Other 1,746 3.492 
2 Sundry Re venue 

O. 306 Exces, of Expendilure over Income transferred to Accumulated 
Ttllt|4 285 569 

RE.376 £3,605 £7.210 

{£3!21 Included in C„live* /n Ex pen,A re- tion in grim :id verl i.ing revenue wah brought 
pregnx the intreaNed ci., of prinling the down to Rll4 (£67I Revenue fr(im k 
PiperN :ind Con,ribiltion• to the bunpowm of Pr,//ding. M *lgifuly reduced The 
-1 he inerea•ed Jeng,h of the· printed multer mere•ed si,e of the Proceed# {16 extra 
C'Ircul:Lied pri••r to the Cimveotion 0,111/red pil/•) together with the /(,h[ of Art Work 
wilh [hou of Re previous >1=:Ir wlix %2 prinled and new Block, [(ir Papen as *el] 33 re 
1,1/K. In addhi/n, 1he Jarge number nf w/g "f plitii.il' of 1>aper·; al] necesNitaied 
block, ineorponital illid certain tabulated hy authon' alterillons to illl,grali,ms ind 
da[:i ir,Erea•ed tue priliting *s by more m. rexulled / :in 1,„·re.19 in prinG,10 cd 
Than the //i],11(41:,le inere:„e atiribulable ••t Ill56 1£78} 
ta thenumber of [1:1/, inwilved Olhe, ilem·, of expenditure do „/ call for 

I next wk!1 to refer to the b. of '78 any purticuli,r o•ninienI. 
(£39) e,impured with a pr„ji / R206 t®•pite the alwve fackr#, le /Liumulaled 
(£ 101) in the previou. year incurred on the lund. / Ihe A +,ocialion still "amd st the 
publi:atinn i.f the Prficeedings. (crlain .ati,faclon tgure / R8,920 (£4460 and 
adve/i,erN who Ia,1 year wr,tribuled 1„ il i# c,n'idered (1 at n„ railical adju "men, 
reve,ue *L. ihe extent or R24O (£120). thi in it, In ine/1 4/,ir are called tor at Ihis 
rear folinit 11 HeLe··sar> to prinellcir adver- ..1 ige Altered condition·. over [he nixt year 
1/ne allittion, Ind revenue to this exient or In may re.1111 111 0 more .4/isfactory 
b Fher,14 104 How.,er. Uhrough Ehe M:Ince beh:·ren Jnrome and expendliure 
zilroduum of new :*R„. 6 Tedu,- bel],6 acl],e'.2,1 
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Me·,ri. Kane and Downey continued [,i RI·]OR] ON THE ACTIV Il'IES OF 
Din,tilute The r in ince Commille: id the THF. SOUTH AFRICAN BUREAU OF 
As„,cialii,3 dur,ng lhe year liniter review. 

STANDARDS REI Al'ING TO 
und ance again I Ihank them >incerely for 
their as•,siance. The .upper ,/ ihe adier. ELF:(-TRICAL FNG[NEERING 

tise' in '1.¢ 1»ceedin. k ince le•in 

ackni'wialged willi £/ppre'i„Ii'in Mr Pre"'!ent ai,•1 (}ent]Juen. 

€;elie'll: 1 live r.1,11 plea•i,re n preenlill 'he 

The Regi•Mi.,1 Bran•he• of Lhe Eastern rep,rt on the activitic, of the Nomh Afric.in 

Cape :ind Natal u mued li fulktion d. Bureau of Stan,ad i],irine ll,C p.•1 >ear 

Liciorili Jurine the vear under review 
CABLES 

M:inne,hurg ae:un act,•d a• ho·.1• for Fhe S./1.8,9 97-/Ft,per /,IuaW. d Cah/el hw 
Mid·yearl'xecume Mectine in 196(1. anil,in €./.rill P..f,V'.4 
tel:,11 of al cm,ncerned e wii vev than£ for 

-Ihe hrxt Kilhion ,/ thi• Miecil•c•,tkm M 
ihe h.».pitalizy extende,! 1.1 Ihe T·xecul.0 

appnval by ih, St,1,idarl €'i•uncil /n ihe 
Ci,u nc 11 on [h A I.c'a, i"n 5th Ocut<r. ]054. und thi. ix nm adlable 

To [he variou, member. of' 51]h Commit. in prinicd fem. 
8 of the Aw,ciati,in :,nil repre•/ailive. if 
Gther Tihilial C'(inmiilic¢% mid Org:m.a· 91.M..9 98--Pare• jux/Imed(Table, P., 
tion. ae Limve, the apprecid,imi i,f Ihe A.,1 j;ru•! D'in 

ciallon for Ihelr invalli. lie work iluring the m N „1:·rling (,f Th: commiuee 

year under rev'iew ilipi„/Id 1 „ i:vi./ thi, ··recilicalli,11 dlk] 6. 
11 S. Te you Mr Predlent ,n i line wi[13 the revi.ed S A 

.inil all Member. bring it of 
April. le) 11,2 

1]le Exet,]Ii.· €1//Ii| 47, w: h eli| 0.13 Ihe IIi 1 e.pre* lincere 
d..cume,„ i. amended i. being prepare.1 1/r 

ihank· for the „.i.Mice rmil Coll/C.9 
vihn'idion ti. [he St.indard' C.uncil 

ciendil 1. u, durini. thena/ •ear 
1 5 [he A,vicialion :ind :/ i Mernhir. S. 4.B.S 182 C.ipper./ .id Bar fin 

wc extend tr„ wi,he, f.ir 19 .1 '62 HicirciA P,Ep,)6¢1 
The .<immittee appainled 1,1 draw up 6 

R. G FWING. lic:ifil·:lion w./ rece,n Ii[.i•] and copic. 'f 
fur DAVil)SON & r WING {PTY' 1 1 1-/. docunient. ifeiher wi,h minute, Ir„ni pre· 

viou' me:Kine. ha': been 'em nut iii mem- 
S'.m'f•lri'' 

hei of mon•ituied c: n,rnizlee. 
11111 M:ir,Ii. 146[. 

S A R S ] 48-Mi.diwn, 14.542,4' Fmnmind 
Rubbir jng,lid' 'AN m?J Ile'Ve Grd' 

Follimm Ilie de:·an h [he Sland,ink 

(buncit on the 9ih December, I')57. Il it Il,i• 
·.recificalion and al'i S.A.B.S 168 he re 

Iked. iii. eammi".e wal rce·on'inlied :Ill 
a meeting wa held li ilic larit March. 14/ 

DOMESTIC APPL. IANCFS AND 1 LIC- 

TR IC' IN91 At.LATIONS 

S.' B.5 .Wt 122-S,ik/ SpFribll,i, for 
Ames:i¢ Rodi,i imd Elecm •ii,· Appti,tri.0 

A draft f<,r c: nirnen, was circulated „al the 
ah April. 1960 Dlie t•• the lack nt Jepille, 10 
this n,*ice the /In.ing dile for commen, wai• 

eriended and it war the„ decided to Iweil 
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issue nf [he r · evJ·,e il ]FC .|raft hefire i iri•· DISTRIRIITION 
ceeding wilh the F/ct Cu#Ii.f the 1 [I C 
reviwed drnfi have S.A.11 171-[i,w now been iwia m the .41,:Wa,•m/* 
ounmiuee ••),U· and a meding wa held on de 
7[h rebrilar> at which [he projec, i:.as hnal This ,pecific:ili€,n was hnali/ed al the 4/ 

i,el by the „immitice. bring,ng 1, into ]Irle mlecing held iin Ihe 12111 November. 1997. 
with cul·rent 1 E C. practic, The tra dmft bul was brought back m ille coniet¢e for 
]# wiw being prepared f<,r >ubmilsion [ti the a Further me/ing nn le 7th Augu,L. 1458 
Slarddrd /,IN] Thedmended documen, w,i• •ubmitted to 

S.A.BS the Standards Council 151.1958-Fhed on the 9,h Etearic Sainige Jilne, 1960, 

Wali and har naw ffemen been publidie•1 
S.A.BN Ul- A nieeting wa• hold Porce!/2 und im the 28th April. fuu: en,·d 

1960, Glaxx to iliau„ buumt<irs i"r O'erfie= 140• 1.met 
a prip'.el| aniendment to 

Ihe 'pecification. {Previouily S.A.B.S 178) 
A me€Iing was held •in the 8, h November. S.,1 8 $ 34 Wii,imurt C irm.hie/ken b,r ]960. at which ihe second conimmee draft 

1 WIhig. Heati,ix und [).4,•es•«·li,W/Wim wa* dixu.ved A draft for comniern k under 
and preparati,in and 'ill he Ah/¢•| di,irtli 

S.A.Bl 16·-Min,unire &·wil-Zireciker., lin· S.A.B.S \ES-High u,11 1..>u Vidia,e Bit,h· 
Me Pnifelfion ,4 Medric W•,fors in.e bin,!aluil 

Twa niee[Ing, were held on Ihe li A pri] 5 / B.S. 187- 5„indurd nuth/,g, P,r Fol- 
and ihe leth November to discm il draft Imes up w und i™litdin, 16 kil.ae,ilh 
i,landard f,ir Moulded Case Circuit-breaker, f Previou•|y S.ABS [79 Hyh and Low inle,hted I *Uper,ed, S ABS 115 and156 
The 'volige conimiltee ha. finalized the draft •peci. Buihing" 
bm which has now [0 be suhmiued Three to nkeeting, were held g th: 30th 

theS[andard, Council for June. ihe 28[h approval. July and the 88 Decemher. 
The commitleedeeided that the •pecifica[Lon 

S./1.B.! UW -- Eleclric· fleumiu rud• and be d/ided into the twi, k.(ii,11. a. above. 
BlimA,•i• and dr,ft, of the two proposed Feilations 

1 Iii Ile,Nheation wa. lin:,Ii,ed at the 611 were dilcu„/ A furiher mee,ing will be 

meeting of [hc eummitice held .in [he 17,1, held before the draft,for inmment are 

Sepkniher. ]959. 1[ w.•• .,Di,ri,•ed by the •ued 
Skindaril.(A.uncil,in ihelt], AL. U. 1960 :ind 
k now av i['ble in printed fulm. TRANSFORMI RS 

U U 185-limmuwa Uet:rers for MIrl. 3.4.BS 517-Digrditmon •iwi.+uum A' ¥11·,trk Appp'w' 
Meeli,ig. of thi. , immittee were held •.n 

The ,pecifcatlon tor immenlon·[ype heal. 11ie 29,h April. 2ls[ May, ird June and M 
ing unit,fur uv in port,Ne uppliance, for June, 1959. A new c,immn,1(/ draft hu, berri 
healing waier .ind non-e<•r""ive @4 ueous prepared for submi»itin u, the uum,lillee 
"'IU[ion' (Vil. LCal". "tfee per,/Ial/„. after which a draft d,„ un,em will be i,*ued 
etc.] i.• t,•ialized tl[ the sci, ind Ineet•g held for iomment 
m Lhe Ilh rehruary. 19/1 It was apprmed 
by le Stan<lard. Coll„,iJ on th, 4,h April. CODES OF PRACTICE 
1960 alld hass noi• been publi•hed 

S.' n N ]81-/1,41'Ni„• hiem' Ren,irup'J/3 Eli·• Tr•c C ubleR it)r Fle,- Heumix tinits 
No nieeting·. of (hi. 4,18)111,ttee were held 

Thi. .pecihcatii,n wii. f„„Ii/ed I the 
RZE 

the 

during the per'/ und:' review. 
clind meeting on the 5th blly, 1980.,1,•d 0,de M Pruce e icir ih: f'"/i" 4,1 Pi) a 47 

i approved by Ihe CE:in(lard: Coun.·11 on 

28rh November 1960 The *pecilicallon 
i. al pre,en, Wh lhe primer. but ronened At a ine¢iing held 

an 

/8 April. 1968, 
e•'p 6 an available it %„ de,ided [hat a praic 1,1 rompile a 
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code of praclice & le'ting Ji,iwer tia]14 I Li (-TRICAI. WIRI MEN 
form" be recommend:,1 0 111· Slan,]ank CONTRAL·']ORS· BOARD C·.inell fur apprival Mr. I'redderl[, i adies and Gen[Icmen. 
AMEiNDMENTS l'hee were twele li•eeling, / lh: 1•n.ird 

during !960. one of ah n i •|3„Lo| 
During Ille year under re,iew uilie],drue[•li meetirip tii ;igain con,ider po···,ihle amend 

%:re jv,ued 'in: meni. to the Act. The Eximinalionx Sub- 
S.A.8 154-Ere,·f,ir Ci•r•ki,ix #'8r,..I,d Cominittee met on four oce•j,i,ms during ihe 
0.8.5'. 185-hwnmio, 1/,·mira, t„, >ear, Au,· 
uht. 11·, i•w A pplit•,ce•. Appor,]ti••. t 393 im- application' for regiq,ration were ran 
ner,Ir,pe. RE ilur/,8 tile lieri<,1 //er review d 

148 re/*rn,lon ,enificates were kswed, 
J.C. DOWNEY. bringing 6 !,d miniber ;SKUL•] ,•ince 1940 

A.M.E U. Repreunt./m. ti, S A.B N lo 7,702 
C....'ll. Concerning examiliations. 527 candi,late• 

Mt¢ [h¢ xecti,in. of •ection A and 15.2% 
hetanle eligible for Lhe practical examina 
... 277 candida(es pre.ente,1 [hem•elv. 
for Ihe proc(jer] examimition and 516% 
p,1.„d In holli Ne/1;411, of [he ex dminilion 
the re·.LI M + .tre poo rer Ill,in .orr:,In nd ing 
tesuli' 'n previou• year•. 

1 he maticler,al .trci of I imzlnto and the 

nlunki/t] area. of Rolhaville and WInburg 
werc delermined during the ycar bringing 
the 1013 1 nurnber of :ire:„ determined to 117 
at the end ,/ 1960 

Concerning amendmen[• 6, [he Act [he 
d h# raaminmled .iker.ilior]. to 
ction 19 of the A..1 111:il .houl,1 ren,ove t]„ 

anoma]Iy ci)]kerning !]le troul,]e• over Le4[- 
ing // connec•ing premi•e• wiial by 
Government or Provincial aulhorilies Iii 
iman / further :iniendnjelit Fri)»ed 
exdud¢, cle#·utors from 11„rection by the 
h'c' .3 ulhorily. Filiully a pro/gal lh:ki zill 
contrictor' be regi·,teled /1 a determined 
area ha• han accepted. a of con not 
known when the amendmenls will be 
clkcled 

A een'in amount of tini: h.,4 b:en spent 
bi [he 11/:r,I on the q,le.[IOn or N.itike 
trnince' and the licenaL of the'c. Il is more 

ihan posible ah,1, some finn of reg„[r:iii,m 
of limli:.1 ke,)/ for U.: 1n Nal;ve area, only 
will resujl. 

1 am indeh[/ to Lhe Thur•I for permi. ion 
1/ subnut this rep<,r[ :init .,ko io ou, 

i Weinber, and I'xecutive for prof»ing Ine 
to represent the As,ociatio„ for a further 
per,i' . nflice 

R. W KANF. Rerre.erit.ilive. 
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WIRING REGULATIC)N own Regulationq in.!in[> b.1%0(] 0,1 11]: 1955 

COMM]TTEE ed,lion. 16: m.®ri iy af suppl> .lutholitie. in 
the Ca• and Orang i Me ·Stale hil•e 

Durke th¢ peri:kl under replew :he Com- adopted I: !955 edit,on The bulance or 
nulte: ha. mel on four nicadar™ and the [heeoulnryal]Jeer:unly iomenl che Trm 
main busine.h h • been ille oins,der.imin of u J aulharilies :,re :irp:,reridy vill Con- 

propoid .lmendment• to the· Regi/tioni cerned wilh th: Fir/ 1 ilili,in pul,Jibl,/ 1,1 

concer],ing auio-[rid:'rar., 0•,trol of 1940. 

si/16, Lin,terwaler light„g, lifth, 11.1/L„.1,3 , 

situationx, ni xed load'[ly o. Cile'll., c.li· Ari•ing Irom [he .43'e replie·. rime,ili•l 
mated load and [he Regul.11,0,1 204 and [he Prinvin. M corrent rating, of p., c. I procedure. 
cable >our Cbminitte: 1 inclined 10 Ltie '>pi,]lon 

1hat ihe requests for :in•endnieni of Regu Ja 11 .iddition a nuniher of queries con:ern· [ion 2(1# may not be warr.nted m „fur a, 
]118 i••terprelal,unh of tlic R•gulation• »eic il .... [hat ./1 w. coillered hailed extremely c,),Mel·•ative •11 t|le edilitil]• Up 1/) 

Since m> la.t report the Conimillee has illut of ]955 - namel> ihee/im:,1/1 1,11,!Ing heen augmenied 11% repre.eniative' from of «.kel outlet, - hah been malerially 
the 5 A R. & H /,111, Ihe Electric Cable altered in,he 1960 edition Iml il is telt that 
Manifiet„,·en of Soul Africa. sorlie furlher e,periena niut be /ined 1[1 

Member. 41 be /1:res,0,1 /0 kni.w [hat the appticalion of [hi. |diehl ediion before 

al the end of February. 1961 approx,mately Regula[10,1 204 „ :illered if / all. 

3.510 copie• of the El,glis]• w·r•ion .init 1,400 
cople, of t],e Afrlka:in·. ver·,ion ha•e been Another mailer of intere·,1 concern, the 

sold The Afrika:m version has Ihe curre·,11 errata rating of p v.:. cables necit,Ne nf a 
slip in•erled 11,11 -, relerre! to la• May 10(,phole in Ihe In 195[ and 1955 411;0,1 11/ 

Durban. 11 is lk,„ible ihal a few p,Ah,m countfy 11,1& appar/fitly ad:epted r,,lulg• 
have nat reecive,1 6 and an approach muha 10 [ c••n, para ble M i hi)Ke of pa per 
the ·SH,lh African Inaile of 1 lectrU insulaied cables. The introdli.lion of ih: 
Engineers will he weloimed 1960 cdilion haicre.Al=1 (fr,ili{•..¢ Who hive 

adopied ihis eil,1,00) a problem .ince V. R I Concerning Reful,•th• 204 on estiniated r/[ing'are-spe/W. Con•iderabie JINCUIL'll load. all ].1, supply aulhorilie' were 111. enbued and sin<e lo d ite no authoritalive 
/proached for inforin:/i,wri •oncerning their guide .:In be oh *111/1 1·rom :,1 her oversea, 
hah,1, and opinli· 1/ /imni•ttee i, 4/y or Ii'£/y. the Conin'ille: ha·. daided lo 
gra[:fu l [0 thohe [hal[ h 2 Ipe,1 :ind •ummal i•ed a"h su" an 6"e h",re rectinia'"bl //piel; 01 the rep 113 meived him been m *Mm The forwarile,1 41]: m [h,Die authurities, Somewhat problem high- 

h/h.the 13&:'41' for nle:in' of ,•iversal 
:x•ociate' wjili thil inve'lisultion wai an 

Wp[Ion ,/ ihe Regulation, throuphoin the :Ipproach to rhe five /'rovincial Ad mini/ra cour,[ry .in.[ po„ibly i:inie approa,h „) rhe lions for delail,; Coikerning their protedurc Pro.ine t] Adn•Inistration, may help in thi, on the pron'ulgall,in er :'11'erme <4 [he 
direction. 

Regulalion, an,1 whi,h .>wns or suppl> 
aulhorit[¢s have adopted on, e der of Ih, Final!> ti•er'i ni·•11:r•,f hil/-regard- 
*m, At [he linle of pre/wIng ll,„rep(irt ing Ihe u „f miner:,1 111*ulated cabler for 
Inly three Adil,ini;tration, 15,1 reph/. IL •paci heating pur/m. 1110 Regul:ilia 
is. however, obM,ous th./ habli dillr ind particular]> Table / 0/Ip treal Ihese 

between proginie., for example. 111, Ele, eable• a. Diorinal conductor. 11 Niand, M 

1ridD' 9.A Commission /*> 11/ late' rea•on th. .hen .. lar 'pace healing or 
:dilk= of the Regillation. Inion •ide. h.unrly :Inients ·, COn,Jderably high¢r 
Certain Trat™v.lai wpply allihorit•0, alw currem i• Ject·-ur> ind scceplible 'IIi,h 
imme.11£1[ely appl the tales[ eilition, i mo.e value i, Ix/,1]14 .,holli 1,2,/ lhat of Ihe 
i.q :ifihir in Natal for a 'imilur approach [ahlf 
throueh rn)vinci.ll Adn,illk[ration chinnel. 
SOU[h War Africa ha. pri.mul/.azed their J {· ll)WNI'Y* R¢pre•ent.nive. 
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RF,PORT OF Tim RECOMMFNDA- Ll·RSLAG VAN Dll- AANREV/1.iNGS. 
TIONS COMMITTIT FOR NI·\V KOMITEE VIR NIZJW[ n[.1.KTRIFEE 

ELECTRICAL (·OMMOI)I'l·I·.S WARE. 

Mr. Prewiden[. Gent]emen. Mcneor di: ],re.idem, Men:re. 
A brief •unmi.,rv of |,Lm tIm Caninatx Dit sal pas]Ek wee, i .'n .irl uiteenset· 

E 'In'/i[.ted lind l. fumcii,I' will mil he luTE van die 4.inie•telling en funkda van 

€>Ul <,f place. hierdle knmitee te gee. 

1. R],"IN],11,1.' 1. VE!.Il 'W(>ORDi(.IN(;. 

C b A.M.E U. - J. L v d. Walt 
- (11 V.M F.O.- J 1. vd.Wall-Voor- 

('hairman, J C [hiwney ir, 1 C Downey. 
(2) Mr. 11 l. lame [2) Mar. R.W Karie. 

4.3 3 Si,uth Afri.an nureai, of %1,inil,•ril, (3) S A n S - Mnr A A Middle,-•le, 
Mr A. A. Middlecone. Mr D I. Mnr. D. 1. Jone. 
Jon. 

(4) S A.1.E.[L Wiring Regul,itian. ('im (41) SA Irl Kimie vir Bedradin,re 
mittee - Mr. J. C 1-ra·.er, Mr A. 

gul:Nes - Mnr .1 C Fra•er. Mr,r 
'Fnenb:'uni A Dannenhaum 

(5) 1 |:ctricity Supply C,imnip/in Wr (S) Elekid[:i.v.pr,kning•kom,imie - 

J, W Barnard. Mr W. Sieen. Mnr 1 W n.,rnard. M,1 W. 9[:en 
Stener-I Sie" 'i,rl. 

(6) Ele:[ri,al 1 neineerine and Allied {6) E Icktric,u Inge,•ieur*wei eli 3X i 
Indulrie, A./ial,in -Mr I 1 1/erde 1/d u triee Verenig ing - nr 
Mirrwn' J ...on. 

47) 1 lecirical Con,rae,••r• A-,iciaii„n ,•f 47) [lktrieg: K M[rakleurN Vereniging Saulh Africa -- Mr. r. B Gib„on. w SA - Mir. F B Glhxon. Mor 
Mr J. M Fra·.er. 

J ..1·r:•Ir. 
CH) Scirel:,ries - le·,ir,. !)avi J„in .ind an sekrel· iri:.e - M „re. D.,vid „in en 

Ring [Pty.) 1[d Ewing <Ed,1.3 8pk 
2. 1-1/·1,1/ 

2. Ft. M /// 
The funelhm id' 11,• c,ininnitter k l„ 

*BLe new e|elrical I,>li•ini,tlitie• DI Die funlde gm hieritie kiumilee i. im 

Ihii ' mi 'Indlid I.'c,•mion .AN Ind am, ieke vir iliegchruik van nuu :1:kiriek 
then. rifter Ii'Ii.idering IN ieport: pr,ictical War: i.·Uarli,i.6 ,/dr *'1 .,ne/,12 d .vi'w'li 
8/altalicins a . •'nly ji·r.in",12·,;d (i, it. Anin hes,i,m g. le :inderx,ck en nadal 
mon,bers thal the conimi*lity w- f.,und w.ver'lae. pr:,kile€ lilitallagie'. M. 

M:ible for use. Th: SARN ach a. te/ne birig ix. de'· mul tede mul 1, hei e' .>t· 

add'. 011 41)11 reque« of the Coin· w ·n ware ge,kik vir gebruik i•. al dan nie 
inltice. .ifter :in ipplicali,in lit™ bee,1 1)ie S A n S. deen die bagerk alleer op 
received Applic m. n 1,1 therefi re *ilinit vcrgick win die konillee nadat '11 :i/n.ouk 
their :im,]ic;,Illm ill# 42,n,ple li dle lecre· on[vally 1, Applikante moel dix hulle il#- 

50:k: 0,1 ni.in,ters aan die Sekrel:,riN .tuur. 
m [he S. A.B S axook men•(crK ain die SA BC .ir t,gi•· 

doe!,inde.. 
11 ix the re,ponsibility af ih: .ippli.:1111, 1.1 

submil Ilic te• report• [ic the Committee Dll r; die w,unwoindlikheid van die 
The Commiuce naly ab,i requeu [te applik:Inl im·, die (I,ct. uil']ae,ian {lie k,1.1]lee 

S A.B.9 11 ,/biect [he gip!: 1. cert.mi e .illur 1),e ki,mi[Ce mi ink die S.A.1 S 
t.. vcr.iek ent selere iret·ic 'ii le vner 
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1>aar na,)et up gelet „ 0,4 4,0 die hum,Ke e 

s-dard Kpe¢tbruf- exhh ha relon- .gind,•ird-,hpi>·ilikusw vii die wiliv ...i 
Ibimy 4 iN, h©,u" 2, :112+ Imwlf me. Di: h die .·Rmt'kiardelik.!wok van Ae 
fhal the nimii,inmy 2*,ed le, r.,14,4,12 

Nel gart die 'tindam'-sm ul ikmu· uilacien 
During the year N nleelif•g• wele lielit Ciedurende die Jaar was twee vergafiering, d Ii,ember. wen: ad«ed / the decwn·· gehou en lede w.™ deur dle *mine nuus- 

of tlie.e nieeting* ihniugh ihe u.ual ne„v· briewe '.am die hevim],11/ verwitug Lide 
bulletin; Men] ber, are :6,/d to record Mral arinhever] i,ni h Jerdie hevin.lin , te 
ther, recmEndati<•n> and lus #w bewaar on ,ad(.ende 0//odige na/rae uit te 
u•irlecex•kiry enquiri.. €kakel 

Memher• are ren•inded / the file! 1*t 
thee 1.cdc word i,ok daarop new, bulleter. pew>, dat hierdie 

are primic and conl]- 
dencia] aanbc,·cling, privaa, en vertmulik uild iwit hir publication. rl he Com. en pie 
mittee 1 put>lika.le i. nie Die k„nillee 

will .al ,]it appree'ale it if niember' Ireat Il 
•a,irdecr indien lede hierdie annheveling. 2 

•ulk, sal be>kou 
Dunng the year a mumber / .Ipplicat•,11% 

Were Ne./. far ille ingallali,in af .arious Godurende die iliar waN 'n inlai aang,©ke 
makex of arparatu, for t»iling nater. i.„ally vir .aterverwarm:r. (van die v,linige . „rl) 
of the quick Miling lype The C„nimittee "mvang Die ki,miteehet hierdie dancake 
MId ™,it con·.ider tl,e,e :t·. a •peciheal/,in nic oo.rweep nie. aingewn :(andaard 'pe'ih- 
ex]+ far water heuter·, und ineinbeh Jnli·.t kaxle. reed, he.Ulan et lede m„et to Non dat 

*ati•6 themelves th:/ the aric]¢. comply die produkle da a tan vnkdren 
The Conim,[tee centinue• to pro'.kle a Die komi,ee gaan vi,im nm '11 nuttige 

U,eful ,¢rvice to it: memher. which i. b,irno diens nan 1/de te lew/r wal uil die a:inta] 
m by the number of applii'athin< received .mn·,i,eki wai on,vang iwird blyk 

J L v ) 1*« WALT. C 7 uh IM J L IN In WAI T, Foir,Flie, 

REPORT A El.FCTRIell. Wllk 
PLANNED OR ]N PROGRESS IN 

THE NATIVE AREAS 

Al the 34[h Convenlion it wa, .uggested 
that thiN reportsh,mld be kept up-lis-dic. 
The membe„ who had submitted informa- 
tion I]/.n wl,ich Ihe 1 g60 report was b,•4/ 

uere requesled zo.uhmit //mils of any work 
Mpleted duri„g [he pasi year and copies 
of ihe 911,1,01,11,1,re wer• sent co uddlilow| 
niember who were ihought to huve carried 
0111 work in their Native Areax. Four new 

returm were received and rhe.e £ira shown 
on Schedule A which i. in ille •alne form 
a, Ihe returns .i,hm],ted 10 [he 3-Ith Con. 
•enlion 

Schedule 8 511„w. ihe /plia received from 
aulhoritie, wh„ have :irrieit oilt work 

during the r:i.1 / manth' 

G HANSONI 
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ASSOCIATION OF MUNIcipAL ELECTRICIT·• UNDERTAKINGS OF Sot•THnRN AFRICA 

ELECTRICITY FOR DOMESTIC PURPOSES BY AFRICAN NATIVE FAMILIES. 

SCHF!,11 R "A·· 

GNAH•••· QUEENS· SON£RSET -1-I .I,FE,ls. S£,• HMT 
.N TD- E.5. WAL•P• TO- To- CAS, W..F' 

D. ./u• /„411--Cll-/ 

C-d.**11/. Ck,00' Ce.. Cop• 

1.D 

Limill·d .0**1. Nhne T,p. • La..e# Bric•io.k. a,ickk»k. -la.•1.•-1. 

*I..u#n. 2 .19 99 J & 

..VA M KVA 
Cnil.u• 

FU- Caa. 

Any dimcult due 10 '0•n 
N 

*a £a- ID .10,1 - ED. 

ArM •1.-+ 2-r..m•ed NO 
Sp.dn' 

0 

wh•I••i••;t--•prewld.d!or 
T.. Tw•t.n T.ne-n Tun„e.n T•rn,•h• 

Flg-nl /,-1 I . .1. 

nn ••Itilub• 1,11!n• have 

W«knnancedel,lof«-I- 0-1 
Sli»et 4 9.™.1 

leh, M. 11. DI•, 
Woi' 111,•nc.d -1 01 I L=•1 wl,Ine ' 51™1 /6 

Sub-9... lightln' •x ./.ulld- Oldlee N. 

01.1,d £.0, . 0,• 0• 
11'.. A. m SCUIC»1 

D ..... .... PVC PVC 

Hou- Sm T,pa . 1/.1.1101, 
ll,G-rliC' 

.H 
Ull 6. WG ./ 

los.WG 

0/1. H-es/C 5iieo-•m•.•• 

Wler,•.e»les,!hrit• N.-ka•h •;••r »rb 1/ 16. - 

DD .u oper.le -Ilh M f N. •6 
Old lerlar 6.i ™Ad.r. 0-t 

C-ducla-gui* V.C.k. 01.--Ver,1. ¥-rlicll It'C.1 
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SCHEDULE B. 

WORK DONE DURING TFIE YEAR 1960. 

mulaw.,u ••D,To.. E-11-& U.--q Ppi, Eli.bM.h S-bur. 

HOUSES 

Num/r--•.1960 ... Nil 592 Mil la Mil 8,1 '0 
A.*-ligpuun(li •1• 

]]00 I. 360 1440 3S0.650 /60 -,0 •620 34@ 1/ 420 
Ii:Ut..'..7 n• T t 10 0. 0 40 0 2 -0.4 0 34,00·/ 0·/.0 75 

T>.orwr•,t.unli- c¥er* •ade,•rou=1 

BUSI'liESS PREMISES 

*onsu„wi,un kWh .. 3000 IOD 0 50® 

*Z.•:DT?• r•**':"7. t hole 

HOSTELS 

TuL.1 acc©i,Ual,un f. M.1. 14231 ,!;6 24{,Do 33000 576 
.*a r. .. .. Nil 11, M. 165 

I.in11 -:/ gu' durn,1 . 
Ot yea' ror •'• 1,-ji,u 

./. /0 40* N. .&, 620 

Il-.ned lut during I 
7, '••r '0• 1}• h••ing 

/1 Nil 

A•¢Ia=•trl 1« •OkWh 39 kW1, 3•LW. 3•6 to 617 34 LWI. 
. 0•iumption ]•r* 

nam Female ...... 72,0644 =Ng 

...& 

D. 

- per -pl™ 
0 343 0 042 0 045 05 0 06.0·142 0 03 

AD:,1/2 . k'. X A-i 
..9 0 33 

hele,(ricligh•nip.Qi,dcd .. YCS I. Y. 
1. pr-*n .1.. fo,.1-4,g 

N. Flu•,TO:id' 1- !SA plug- No le- 
* 1328 4 mci 
0.•on• 

I ./.i• ]* /1 cl-rig 
14.(er Ic. beaLing' . . .. No • hoitel-- 

b provwon .1* . .I,c- 
No 

h fu]1 4htinu provided? Y. Y,S ¥0 

Id .r -il 14 per unit 1 3.... lid per 1 0760 
11. 

TOMSHIP RETICULATTON. 

Cabli laid [HT N' 6 3 mil= 

Cabl. •J LT. ... ... Im 6 S mik= 

lT.,•«11.•ht,i•air:. Na 13 rrull 10 

No. or addfUi-3 6•¢C• li•h,• Mil 513 123 

Ii-Anin-/I...i....i. 2 Nfl 5 



D 

.. 



./[ed by 
10/N O RODD (FI// LTD. 

J.han/liburg. 


